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~ INTRODUCTION

These methods of test are designed to determine the relationship between the moisture content
of the materials listed below and the resulting maximum dry density when the material is compacted
in the laboratory as specified in this procedure.

These procedures are also applicable to previously stabilized or treated materials and existing
materials, including materials containing asphaltic particles or particles of other surfacing, which are
to be treated or stabilized.

Record and calculate values in these procedures to the same degree of accuracy shown in the
example on the Laboratory Moisture-Density Relationship Worksheet for the applicable procedure.

All materials, except for shell, sand-shell, sand for use in sand-shell, and those containing
reclaimed asphaltic concrete or previously stabilized or treated base course, shall be prepared in
accordance with DOTD TR 411 and the appropriate method of test. Sand and shell shall be prepared
in accordance with DOTD TR 418, Methods C or D. Materials containing reclaimed asphaltic concrete
or previously stabilized or treated base course shall be prepared in accordance with DOTD TR 418,
Methods H or I. Prior to the determination of maximum dry density and optimum moisture content, all
materials shall be classified in accordance with DOTD TR 423, except for shell, sand-shell, materials
containing reclaimed asphaltic concrete, recycled portland cement concrete, or previously stabilized or
treated base course.

TABLE OF METHODS

1. Method A - Soils or soil-aggregate mixtures with less than 5% by dry mass of
aggregate retained on a 4.75 mm sieve into which no additives are to be
incorporated.

2. MethodB - Soils or soil-aggregate mixtures with less than 5% by dry mass of

aggregate retained on a 4.75 mm sieve into which cement, lime or other
approved dry additives are to be incorporated.

3. Method C - Shell or sand-shell into which no additives are to be incorporated.

4, Method D - Shell or sand-shell into which cement is to be incorporated.

5. Method E - Soil-aggregate mixtures with 5% or more by dry mass of aggregate retained
on a 4.75 mm sieve into which no additives are to be incorporated.

6. Method F - Soil-aggregate mixtures, all having 5% or more by dry mass of aggregate

retained on a 4.75 mm sieve into which cement, lime or other approved dry
additives are to be incorporated.

7. Method G - Designated materials, including stone, élag, or recycled portland cement
concrete.
8. Method H - Recycled in-place material - specifically designed for existing materials

containing asphaltic materials, hydraulic cement, lime, or other stabilizers
or surfacings which are to be used as soil or soil-aggregate mixtures.

- 9. Method! - Recycled in-place material to be cement stabilized or treated, or lime treated
or conditioned - specifically designed for existing materials containing
asphaltic materials, hydraulic cement, lime, or other stabilizers or surfacings
which are to be used as soil or soil-aggregate mixtures.
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1. DOTD TR 108,
2. DOTDTR 112,
3. DOTDTR 113,
4. DOTD TR 403,
5. DOTD TR 407,
6. DOTD TR 411,
7. DOTD TR 415,
8. DOTD TR 416,
9. DOTDTR417,
10. DOTD TR 423,
11. DOTD TR 428,
12. DOTD TR 432,

REFERENCE PROCEDURES

Splitting and Quartering Samples.

Amount of Material Finer than 75 ym sieve in Aggregate.

Sieve Analysis of Fine and Coarse Aggregates.

Determination of Moisture Content.

Mechanical Analysis of Soils.

Dry Preparation of Disturbed Samples for Test.

Field Moisture - Density Relationships.

Determination of the Percentage of Lime for Treatment of Soils or Soil-
Aggregate Mixtures

The Mixing Loss of Aggregate Material.

Classification of Soils and Soil-Aggregate Mixtures for Highway
Construction Purposes.

Determining the Atterberg Limits of Soils.

Determining the Minimum Cement Content for Soil Cement Stabilization.

DEFINITIONS

For the purposes of this test procedure, the foliowing definitions'will apply:

1.

Aggregate

Additive

Composite

Gravel

Recycled
In-place
Materials

Recycled PCC

Sand

Shell

Siliceous

Slag

Stone

Soil
Soil-Aggregate

a naturally occurring or manufactured material, retained on a 2.00 mm
sieve allowed for incorporation into the soil fraction. For testing
purposes, previously stabilized or treated materials and existing
materials, including materials containing asphaltic particles or particles
of other surfacing which are retained on the 2.00 mm sieve shall be
considered as aggregate.

an approved cement, lime or other approved additive incorporated dry
into the soil, soil-aggregate mixture, shell or sand-shell mixture for
stabilization or treatment. When approved liquid additives or slurries
are to be incorporated, the testing method shall be determined by the
DOTD Materials Engineer Administrator.

a blend of two or more samples representing materials with closely
similar characteristics.

naturally rounded, siliceous aggregate.

soil or soil-aggregate mixtures which are not naturally occurring,
containing asphaltic material, hydraulic cement, lime, or other
stabilizers or surfacings excluding portiand cement concrete, which
exist in-place and are to be reprocessed.

a crushed, graded portland cement concrete prequalified in
accordance with DOTD specifications.

a material approved for use as sand.

approved clam or reef shell.

a material composed of silica dioxide.

a material approved for use as slag.

a material approved for use as stone.

naturally occurring sand, silt or clay which passes the 2.00 mm sieve.
a mixture of soil and aggregate.
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MATERIAL COMPOSITES

When a number of similar samples are submitted from a specific area, instead of developing an
individual curve for each sample, a composite may be created and a single curve developed. A
composite may consist only of soil or soil-aggregate mixtures which exhibit similar characteristics of
geological formation, color, uniformity, weathering, origin, and engineering properties.

To be grouped into a composite, all individual samples must meet all of the following conditions.

1. - The aggregate or aggregate-mixture must be the same type(s).

2. The total percentage of material retained on the 2.00 mm sieve must not vary
more than +5%. The percentage of material retained on the 2.00 mm and any
individual sieve larger than the 2.00 mm sieve must not vary more than +5%.

3. The soil types, based on the material passing the 2.00 mm sieve in accordance
with DOTD TR 423, of individual samples to be incorporated into a composite
must be identical.

4. The A-Groups, determined in accordance with DOTD TR 423, of individual
samples to be incorporated into a composite must be identical.

Materials which meet these criteria may be composited. Composites shall be thoroughly blended.
A representative portion will be obtained from the composite for testing purposes.
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DOTD Designation: TR 418M-98
METRIC VERSION

METHOD A

I. Scope

This method of test is designed to determine the
optimum moisture content and maximum dry density
of soils or soil-aggregates with less than 5% aggregate
by dry mass retained on a 4.75 mm sieve, into which
no additives are to be incorporated, when the material
is compacted in the laboratory in accordance with this
procedure. For soils or soil-aggregates with 5% or
more aggregate retained on the 4.75 mm sieve, refer
to DOTD TR 418, Method E.

Note A-1: It is permissible to determine moisture-
density relationships of field conditioned
material in accordance with the applicable
method of DOTD TR 415.

Il. Apparatus

A. Mold

1. A cylindrical metal mold, having a capacity
of 0.000944 m®, manufactured with an
internal diameter of 101.60+£0.41 mm and
a height of 116.43+0.13 mm, and with a
detachable collar approximately 64 mm in
height, which can be fastened firmly to a
base plate.

2. Molds shall be replaced if any diameter is
more than 102.21 mm or the height is less
than 115.57 mm at any point.

Note A-2: Different makes of compactive devices
may use mold base plates of different
designs. The mold base plate must be
compatible with the make of compactive
device used.

B. Compactive device

1. Automatic Rammer

a. A metal 2.495+£0.023 kg rammer, with
a striking face that is a 2026.83 mm?
sector face for use with a 101.6 mm
inside diameter mold and arranged to
control the height of drop to 305+2
mm.

b. Alternate - a metal 2.495+0.023 kg

AeT I

~

arranged to control the height of drop to
457 +£2 mm.

2. Manual Rammer - a metal 2.495 = 0.023 kg
rammer with a circular striking face with a
diameter of 50.80+0.25 mm and arranged
to contro! the height of drop to 305 +2 mm.

Compaction block - a stable block or pedestal

composed of portland cement concrete with a

mass of 90 kg.

Straightedge - steel straightedge, approximately

300 mm long.

Scale - a scale of 10 kg or more capacity,

sensitive to 5 g or less.

Sieve - a 4.75 mm sieve conforming to the

requirements of the Standard Specification for

Wire Cloth Sieves for Testing Purposes (AASHTO

Designation: M 92).

. Tools

Mixing pans with appropriate covers.

Spoons.

Pointed trowel.

Spatula or large suitable mechanical device

for thoroughly mixing the soil with water.

5. Large screwdriver to remove material from
mold.

6. Ruler or Height Gauge - accurate to 1 mm.

Graduated cylinder - incremented in mL.

Wax paper.

Engineer's Curve - Alvin 1010-21 or equivalent.

Laboratory Moisture-Density Worksheet, Methods

A & B - DOTD Form No. 03-22-4194. (Figure A-1)

howh=

‘Laboratory Compaction Report - DOTD Form No.

03-22-4165. (Figure A-2)

. Soils/Soil-Aggregate Form - DOTD Form No. 03-

22-0723. (Figure A-3)

Note A-3: It is convenient, but not essential, to have a

mechanical device for removing the
compacted soil from the mold. Such a
device may consist of a closed cylindrical
sleeve slightly less than 102 mm in diameter
or a piston of the same diameter, actuated
mechanically, hydraulically or by air pressure.

Test Sample

Obtain a representative portion, with a mass of b

rammer, with a striking face that is a
2026.83 mm? sector face for use with
a 101.6 mm inside diameter mold and

kg, of the dried prepared material passing the 4.75 mm
sieve from a minimum 15 kg sample (1 full sample
sack).



IV. Procedure

A.

B.

Record the mass of the representative portion
as D on the worksheet.

Add a quantity of water, measured in mL,
sufficient to make the soil slightly damp. Mix
thoroughly. Record the quantity of water as
G for the first point on the worksheet.

Note A-4: Check the mixture by squeezing it in the

palm of the hand. If the mixture is the
correct moisture content, it will form a cake
which will bear very careful handling without
breaking.

Pass the damp representative portion through

a 4.75 mm sieve,

Cover the representative portion to which

water has been added, protect it so that the

moisture content remains constant, then allow
it to slake for a minimum of thirty minutes.

Remix thoroughly at the end of the slaking

period. Recover the representative portion.

Compact the test specimen using an approved

rammer.

1. If mold requires an attachable base plate,
attach base plate. Determine the mass of
the mold and base plate and record as | on
the worksheet.

2. When using a mold without an attachable
base plate, place wax paper on the
compactor base. Determine the mass of
mold and record the mass as | on the
worksheet. Place the mold over the wax
paper and secure the mold to the
compactor base.

3. Attach collar to mold.

4. Uncover the representative portion and
remix.

5. Place a quantity of the representative
portion into the mold in an even layer that
will vyield slightly more than 1/3 the
volume of the mold after compaction.
Recover the representative portion.

6. Use a pointed trowel to rearrange
particles, filling voids in the loose material
without compacting the material, to a
uniform lift thickness.

7. Rest the rammer on top of the layer to be
compacted. Compact the layer using 25
blows with the 2.495 kg rammer from a
305 mm drop (alternate - 17 blows from a
457 mm drop).

11.

12.

13.

14.

15.

16.

17.

DOTD TR 418M-98
4 Rev. 8/98

Page 5 of 72

Method A

Metric

Note height of compacted material. If
compacted layer is not 1/3 the height of the
mold, correct for any deviation by
adjusting the quantity of material used for the
subsequent layer.

Repeat Steps IV.E.4 - 8 for two more layers.

After the third layer has been compacted,

remove the mold, base plate (if applicable),

and compacted specii’nen from the automatic
rammer and place in a pan.

Tap the collar with the straightedge to loosen

material bond and remove the collar from the

mold, without twisting or causing shear stress
to the molded specimen. _

Note the height of the compacted test

specimen.

a. If the compacted material is greater than 5
mm above the height of the mold, remove
all material from the mold, remix it with
the original representative portion and
repeat the test.

b. If the compacted material is below the rim
of the mold, remove all material from the
mold, remix it with the original
representative portion and repeat the test.

Keeping the mold, base plate (if applicable),
and specimen in the pan, trim the specimen
even with the top of the mold, using the
straightedge. Fill any depressions with the
trimmed material. After the depressions are
filled, smooth with the straightedge even with
the top of the mold.

Brush material from all outside surfaces of

mold, and exposed edges of base plate or wax

paper.

Remove wax paper (if applicable) and brush

fines from the wax paper onto top of test

specimen. Take care not to lose any fines
from test specimen.

Determine the mass of the mold, base plate (if

applicable), and compacted test specimen and

record the mass as H on the worksheet,

Remove the base plate, if applicable. Remove

material from the mold. Obtain a

representative test specimen of approximately

500 g from the center of the compacted

material and determine the moisture content in

accordance with DOTD TR 403, Method B.
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18. Pass the remaining material from the mold
through a 4.75 mm sieve and recombine it
with the remaining representative portion.

19. Add water to the recombined
representative portion to increase its
moisture content by approximately 2% and
mix thoroughly. (Refer to Step V.A. to
determine the quantity of water to be
added.) Record the quantity of water
added in mL as G on the worksheet.

20. Repeat steps IV.E.1 - 19. Continue
repeating the procedure until there is a
substantial decrease in the wet mass of the
compacted material or the material
becomes too wet to compact.

V. Calculations

A.

Calculate the incremental quantity of water (G)
in mL to equal an approximately 2% increase in
the moisture content of the representative
portion by using the following formula.

G = (D x 0.02) - (10 X N)

where:

D = dry mass of representative portion, g

N = the number of moisture content samples
removed from the 5 kg representative
portion

0.02 = decimal equivalent for a 2 % increment

of water
10 = reduction of incremental water due to
500 g moisture content specimen
example:
D =5146g¢g
N =1
G = (5145 x 0.02) - (10 x 1)
= 102.9 - 10
G =929 =93

Note A-5: 1 g of water = 1 cc of water = 1 mL of water.

B.

Calculate wet mass of compacted soil (J) in
grams in the mold for each moisture content
by using the following formula.

J=H-1I

WW = 586.0 - 533.5

where:
H = mass of mold, base plate (if applicable)
and compacted wet soil, g
1 = mass of mold and base plate (if
applicable), g
example:
H = 5965¢g
I = 4195¢g

J = 5965 - 4195

J = 1770

Calculate wet density (WWD) in kg/m3 for each
moisture content by using the following formula.

wwp = —
0.944
where:
J = wet mass of compacted soil,g
0.944 = a constant including the volume of the
mold and a conversion from g/m3 to
kg/m®
example:
J = 1770¢g
WWD = 1770
0.944
WWD = 1875

Calculate the mass of water (WW) in grams and
the mass of dry material (DW) in grams for each
moisture content by using the following formulas.

WW=K-L and DW=L-M
where:
K = mass of cup and wet material, g
L = mass of cup and dry material, g
M = mass of cup, ¢
examples:
K = 586.0g
L = B33.5¢g
M= 4756g¢g

DW = 533.5 ~ 47.5
DW = 486.0

and
WW = 525



For each increment of water added, calculate the
moisture content (MC) in % of the material to
the nearest 0.1 percent by using the following
formuia.

MC = (W) « 100
DW

where:
WW = mass of water, g
DW = mass of dry material, g
example:
WW = 5b25bg
DW = 486.0g
c = (225, x 100
486.0

= 0.10802 x 100
MC = 10.8

Calculate the dry density (DWD) in kg/m3 for
each moisture content using the following
formula.

WWD

DWD = ————— x 100
100 + MC
where:
WWD = wet density, kg/m3
MC = moisture content, %
example:
WWD = 1875 kg/m®
MC = 10.8%
DWD = —875__ 100
100 + 10.8

= 16.9223 x 100
DWD = 1692.23 = 1692 kg/m?

Beginning with the lowest moisture content, plot
a point on the Laboratory Compaction Report,
representing the intersection of a horizontal line
projected from the wet density and a vertical line

Note A-6:
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projected from - the moisture content.
Continue for each moisture content until all
points for wet densities have been plotted.
Repeat the process for each moisture content,
substituting dry densities for wet densities.
Form a smooth line using the engineer's curve
by connecting the plotted points to form two
curves, Wet Density vs. Moisture Content and
Dry Density vs. Moisture Content. (Refer to
the Laboratory Compaction Report.) As close
as possible to the intersection, round the peak
to form a smooth continuous line.

If after the results have been plotted, there is
not a minimum of three points on the dry side
and two points on the wet side of optimum,
additional testing must be performed until this
minimum is met. If @8 smooth curve cannot be
drawn, additional testing may be required.

Determine the Optimum Moisture Content (%).
The Optimum Moisture Content is the moisture
content corresponding to the peak of the Dry
Density Curve.

Determine the Maximum Dry density. The
Maximum Dry Density is the dry density of the
soil at the optimum moisture content.

VI. Report

A.

Report the Maximum Dry density and Optimum
Moisture Content on the Laboratory
Compaction Report and on the Soils/Soil-
Aggregate Form to the nearest 5 kg/m3 and
0.1 percent, respectively.

From DOTD TR 407 and TR 423, report the
following on the Laboratory Compaction Report
and on the Soils/Soil-Aggregate Form.

1. Grain Size Distribution

2. Atterberg Limits

3. Soil Group

4, Group Index

5. Classification

Report the DOTD TR 418 method used on the
Soils/Soil-Aggregate Form and on the
Laboratory Compaction Report.

VIil. Normal Test Reporting Time .

Normal test reporting time is 3 days.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 03-22-4194
LABORATORY MOISTURE - DENSITY RELATIONSHIP Metric
ev. 4/98
DOTD TR 418 - Methods(A)& B
(Metric)

proseCTNO: 999-9G-9999  oare. _I2/12 /97 Leno: o22-999999

*“TYPE ADDITIVE: __ TYPE SOIL: _Qb,)LL_Qch_ SAMPLE No: __ 9~/

TESTED BY: —iD—,vl .S. CHECKED BY: _~J. B. W,

*MAX. DRY DENSITY OF SOIL (__ TR418-A,___TR415-A), kg/m® A
*REQUIRED % BY VOL. OF ADDITIVE (___ TR432.A, TR432-8, ____ TR416, ___specified) | B
*% MASS OF ADDITIVE (___ chart, formula) c
DRY MASS OF SOIL (representative portion), g D
*MASS OF ADDITIVE TO BE ADDED, g E | ©xpj+100
“TOTAL DRY MASS OF SOIL AND ADDITIVE, g F D+E
* FOR USE WITH DOTD TR 418, METHOD B ONLY.
T
CURVE POINT NO. v 1 2 3 4 5 6
MOISTURE CUP NO. - :
WATER ADDED, mL G_| SeeCalcuistions 1520 |93 | £3 | 73 | &3
MASS MOLD, BASE (if apply 8 WET SOIL.g | H I965| o5\ teyoo | L r10| oGO
MASS MOLD & BASE (t applcabie), g ! IS | 95| 495 | 4195 | 4795
MASS WET COMPACTED SOIL, g J H-1 (7701 /T30 | (P05 | 19457 /PG5
MASS OF CUP & WET SOIL, g K ' | I56.0| 597.9| Lo%3| &bot.3| &/6.9
MASS OF CUP & DRY SOIL, g L ' | 8224 415302\ 52 ). 7| T2¢.82
MASS OF WATER, g Ww K-L $3.5161.3 | 784 | 79.6 | 90./
MASS OF CUP & DRY SOIL, g L ] oS | IR6.51530.8 |8521.7 | 58¢.82
MASS OF CUP, g M 475 |47.5 476 | 474 | 475
MASS OF DRY SOIL, g oW L-M Fe.0\4790 \¢83.2 474 ] 479.3
—
|| WET DENSITY, kg/m® WWD 0.944 18751939 |Ro/7 | Qo9 [197¢
MOISTURE CONTENT, % MC | (WWIDW) x 100 w05 e |52 |60 |10s
DRY DENSITY, kg/m* DWD wo_,
e %492 \17/2 1752|1737 1643
REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4194)
Figure A-1 (Metric)
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DOTD 03-22-4165
LAB COMPACTION REPORT - DOTD TR 418 METHOD A Metric / English
Rev, 3/98
Project No. 999 -99. pp99Station S. No. Lab No. 22- 9999977 _
COMPACTION REPORT = e e b
sRAI sz e e
% Ret. 25.0 mm (1) = — . e
% Ret. 19.0 mm (3/4) : r"-‘mt : Eroeaa
% Ret. 12,5 mm (1/2) ==—=1| _WET DENSITY _ (¥
% Ret. 4.75 um (4) = —— T o
% Ret. 2.00 ym {10) , , S e : ﬁ
% Ret. 425 um (40) xz ‘ : TER TR
% Ret. 75 ym  (200) 4o S oo A L T T :
% Siit 34 - = : e e T
2080 9% Clay & Colloids 24 : = = et mios e
% Pass 2.00 ym (10) == = Sessine Ssseune
% Pass 4.75 um (40) 99 : e = R iipiizsie: ':,?::: =
Zodo % Pass 75 ym (200) 9 - e T _
% Sand (Tot. Material) 7 : T ’
% Unadjusted Silt = e Csszaaasasiiis
% Unadjusted Sand = SRS =
2000 (% Unadjusted Clay -z S e R e e
| ATTERBERG LIMITS 2 : ST
Liquid Limit 24 v ot =
/ 960 Plastic Limit l& - : .
Plasticity Index Fd g - : : o = =
Sail Group  A-__ 4 7 et :
1920 |Group index S e e o P
Classification ‘;h¥ Loam e — : it
/880 | poormve, % : i : : — 3
MAX. DENS. kg/m® (Ib/t")_/ 765 e e s S 2
OPT. MOISTURE, % _ = S e e ;
/840 —;‘ - a— - opebrs ; - - - o - " s #’ o M 3 -
- s b‘--—-—f‘ - e —— area v e - n ‘: YII-.I-
=t 3 = »;' = . __‘% —— Tt T v H
1800 = === = = s
\ S SIIEEE
1760 E = v s e =
1720 = =
J75:%s) = = =E=c = =
e S
1640 e = = _ﬁ*
= e ; . o
== = oveoen [
1400 : = : St S
THIS CURVE MAY BE USED - " = : S
FOR SOILS REPRESENTED : e e T o e e
BY SAMPLES: SEs e e
S e
et T
S
et e = ‘:' - Jo ._I_;‘gﬁ o2
: . DATE: 57@ /98

MOISTURE CONTENT - PERCENT OF DRY WEIGHT

& 1o 12 M1 lo 18 2o

Laboratory Compaction Report (03- 22~4165)
Figure A-2 (Metric)
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MATT MENU SELECTION - 14 Louisiana Department of Tréusportaﬁon and Devejopment DOTD 03-22-0723
) SOILS/SOIL-AGGREGATE Rev. 5/98
Metric / English LM| (M orE- Located on MATT Menu)
ProjectNo.  1919191-19191-101019191  Material Code 4HO1] | Lab. No. |28 191919191919 |
Date Sampled /1 "10157| “1917) Submitted By (2101919 Quantity L1 1§ 1 1]
Purp.Code |7 PitNo. LI 1 ! | SpecCode 13}
Date Tested {102 -1t -19 ident. [S1=14{ | ) | Parish No. {1171
From Station L_{ 1 t 1+ 1 1] ToStation LL 1 t J+ 11 1] Location L.l I t § 1 } 13 1 1.4
Hole No. Depth, m(fy L_L ley 1 | | L 18 ) | Log Distance, km imi L_|_|®1 I
item No. I Y T Y O O A A Sampled by:
Remarks1 Ll L L 1 1 0 1V V4L bbb ) 143 11117
llllllIIIIIIIII‘IIVIII‘IIIII“I_I
Hydrometer Analysis (DOTD TR 407) |Graduate No.____ | Dry Mass of Sample (W), g (1 =50.0, 2=100.0) __
. n {h) © Corrected % Finer Effect. Grain Size
Time Elapsed Temp*C Hydro Reading Correction Reading H
Time {0.5° increments) {0.5 increments) {0.5 increments) H=h-C | P=g=to0 o=k \l-g
GOMinutes | ) | |e) | Ll de | Ll det |
120Mines f | | je) § Ll lel | Ll tef |
BETAINED ON 2,00 um (10) Sie Mass Retained wx) % 10070 TR 407}
Mass Cup + Soil, g LL.I |®1 | Gram 2 :et. 25.0 mm (1)
Cup No. et. 19.0 mm (3/4)
Mass Cup, 9 Llter | Total Mass, g L1 L1 L] % Ret. 12.5 mm (1/2)
Mass Soil, g 25.0 mm (1) Lt % Ret. 4.75 ym (4) :
RETAINED ON 425 um (40) 12.6 mm {1/2) &Ret.;zsllm (4&;_ 1
™M i, ® . —— Ret. 75 2 <
c::s Ng?p *Solg  LLiteld 4.75 um &) Lty 9% S;t um (2001 3
Mass Cup 3  LLliel ] 200pm (100 L1111} % Clay & Colloids =2 -
Mass Soil, g i 425 um (40) % Pass 2.00 ym (#10) -
75 um  (200) % Pass 4.75 um (40)
BETAINED ON 78 ym (200) % Silt % Pass 75 pm (200)
Mass Cup + Soil, g [N . % Sand (Tot. Material}
Cup No % Clay & Colloids % Unadjusted Silt
Mass Cup, g LLte | Pass 4.75 ym wa) % Unadjusted Sand
Mass Soil, g Pass 2.00 um 10 % Unadjusted Clay
LIQUID LIMIT % QOrganic Matter (TR 413) (A
No. Blows Ll Liquid Limit (TR 428) al%
Mass Cup + Wet Soil, g | led | Plasticity index (TR 428)
Mass Cup + Dry Soil, g L.l _1®1 ] [ Natural Moisture Content, %(TR 403) I
Mass Water, g Optimum Moisture com%m' % 5rn 418) WLiblelOl
f:?ftﬁo e || Maximum Density, kg/m° (Ib/ft°) (TR 418) V171615) |
M a';s C;-IDT L i® | Laboratory Compaction Method (TR 418) 1Al
Mass Dry Soil, g ——— % Cement (TR 432 or Plans) 1
% Moisture —_—— |l % Lime R 418 ]
PLASTIC LIMIT % Fly Ash L
Additi i d P t
Mass Cup + Wet Soil, g L1 101 | :O"O:::L; :.:l:l::: hxt:"a‘ Coe -1 reent LLLL
i &
m::: a;‘a‘;e: 3 rySoll g LLAeld | o cification (rm 422 Ey%}m
Cup No. pH (TR 430) _ I T
Mass Cup, g LA 12 |l Resistivity, chm-cm (tR 428 TN |
Mass Dry Scil, g S Classification Prefix (TR423)  (G=Siliceous Aggr. N=Non-Siliceous S=Shely ~ |_J
% Moisture ——— {Required only i +2.00 mm (No.10, g/ material squals o gxceeds 5%)
Remarksz||||llll|IIIIIIIIII!IIII!II
{ R T T OO O N N Y T 1 W O O T O O O O A O O |
Tested By: M. ] Checked By: G . C. APPROVED BY:
Date: Date: Axl/8/87 DATE:

Soils/Soil-Aggregate Form (03-22-0723)
Figure A-3 (Metric)
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DOTD Designation: TR 418M-98
METRIC VERSION

METHOD B

. Scope

This method of test is designed to determine the
optimum moisture content and maximum dry density of
soil cement, lime treated or conditioned soil cement,
cement treated or lime treated soils, all containing less
than 5% aggregate by dry mass retained on a 4.75 mm
sieve, when the material is compacted in the laboratory
in accordance with this procedure. When these
materials contain 5% or more aggregate by dry mass
retained on a 4.75 mm sieve, refer to DOTD TR 418,
Method F.

Note B-1: It is permissible to determine moisture-
density relationships of field conditioned
material in accordance with the applicable
method of DOTD TR 415. For field
conditioned material which requires the
addition of additives, TR 415 Method B can
be used in the laboratory to determine
moisture-density relationships of the
material and additive combination only if
the required amount of additive is known,
however, for field conditioned material
brought into the laboratory for the purpose
of determining the required amount of
additive, it is not permissible to use Method
B of TR 415,

ll. Apparatus

A. Same as DOTD TR 418, Method A.
B. Cement or lime.

Note B-2: Cement shall meet DOTD specifications for
Type IB. For Type IB cement, a unit mass
of 1500 kg/m® shall be used.

When Type Il or Type IP cement is used on
the project, it shall be used in lieu of Type
IB to determine the report values for this
method of test. Type Il and Type /P
cement shall meet DOTD specifications.
For Type IP cement, a unit mass of 1440
kg/m3 shall be used. For Type Il cement, a
unit mass of 1500 kg/m3 shall be used.

Lime shall meet DOTD specifications for
hydrated lime. A unit mass of 560 kg/m3
shall be used.

C.  Personal protective equipment
1. Respirator.
2. Gloves.
3. Apron.
4. Goggles.
D. Laboratory Moisture-Density  Worksheet,
Methods A & B - DOTD Form No. 03-22-4194.
(Figure B-1)
Additive Conversion Chart. (Figure B-2)
Laboratory Compaction Report - DOTD Form
No. 03-22-4165. (Figure B-3)
G.  Soils/Soil-Aggregate Form - DOTD Form No.
03-22-0723. (Figure B-4)

mm

lll. Test Sample

Obtain a minimum representative sample of 15 kg
{one full sample sack of material).

IV. Health Precautions

Care must be taken not to allow cement or lime to
contact skin or to inhale its reaction fumes.

V. Procedure

A. Preparation

1. Determine the maximum dry density of the
soil using one of the following methods and
record as A on the worksheet.

a. DOTD TR 418, Method A.
b. DOTD TR 415, Method A.

2. Determine the percent by volume of cement
in accordance with DOTD TR 432 or the
percent of lime in accordance with DOTD
TR 416 or use the percent specified.
Record as B on the worksheet.

3. Convert percent by volume to percent by
mass and record as C on the worksheet.
(Refer to Step VLA or B for mass - volume
conversion calculations.)

4. Prepare a minimum of five 3 kg
representative portions from the test
sample.

B. Testing

1. Calculate the mass of additive to be added
to the representative portion in accordance
with Step VI.C and record as E on the
worksheet.

2. Add the required mass of the additive,
determined in Step V.B.1, to each
representative portion.
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3. Add a sufficient quantity of water, measured
in mL, to make the 3 kg representative
portion to be used for the first point slightly
damp. Mix thoroughly. Record the quantity
of water as G for the first point on the
.worksheet.

Note B-3: Check the mixture by squeezing it in the
palm of the hand. If the mixture is the
correct moisture content, it will form a cake
which will bear very careful handling
without breaking.

4. Add and thoroughly mix a quantity of water,
measured in mL, to each remaining 3 kg
representative portion to increase the
moisture content of each representative
portion by 2% more than the moisture
content of the previous portion. (Refer to
Step VI.D) Record the quantity of water
added to each representative portion as G on
the worksheet.

5. Cover the representative portions to which
water has been added, protect them so that
the moisture content remains constant, and
allow them to stand for a minimum of 30
min.

6. Remix the individual representative portions,
protect them so that the moisture content
remains constant, then allow them to slake as
follows.

a. Soil mixed with cement: The combined
-standing and slaking time plus the
compaction time in the laboratory shall
approximate the moist mixing time plus
the compaction time in the field. This
time shall be a minimum of 60 min and a

, maximum of 90 min.

b. Soil mixed with lime: The combined
standing and slaking time plus
compaction time in the laboratory shall
approximate the moist mixing time and
mellowing time in the field, but shall not
be less than 15 hours.

c. When lime-conditioned soil is to be
cement treated or stabilized, mix the soil
with the lime and allow it to slake in
accordance with Step V.B.6.b. Then add
the required mass of cement (determined
in accordance with Step V.B.1) to the
soil-lime mixture and allow the soil-lime-
cement mixture to slake in accordance
with Step V.B.6.a.

7. Determine the maximum dry density of the soil
and additive mixture.

a.
b.

C.

d.

Remix the slaked mixture thoroughly.

Pass the slaked mixture through a 4.75 mm
sieve,

Compact the slaked mixture in accordance
with Method A, Steps IV.E. 1-17.

Repeat Steps 7. a - ¢ for each 3 kg
representative portion, cleaning the mold
between each test specimen. Continue
repeating the procedure until there is a
substantial decrease in the wet mass of the
compacted material or the material
becomes too wet to compact.

VI. Calculations

A. Determination of percent of additive by mass by

» using the Additive Conversion Chart (Figure B-2).
This chart may be used for Type IB Portland
cement and hydrated lime.

Enter the chart on the left scale. Reading

vertically, place a point at the appropriate

maximum dry density of the soil-aggregate

mixture obtained in Step V.A.1.

Reenter the chart on the right scale.

Reading vertically, place a point at the design

percent by volume of additive.

Draw a straight line across the chart

connecting the two points plotted in Steps 1

and 2.

Read the percent by mass directly from the

additive scale on the chart at the point where

the line drawn in Step 3 intersects the scale

for the additive being used.

Record this value as C on the worksheet.

Example: Figure B-2

a. Type IB Cement

1.

A
B

1765 kg/m®
8% Type 1B cement by voiume

(1} Follow the left scale to the point

represented by 1765 kg/m3.

(2) Follow the right scale to the point

represented by 8% by volume.

{3) Draw a straight line across the scale,

connecting the two points.

{4) The percent cement by mass, read

directly from the middle scale, is 7.3%.
Lime

o) JUY

% hydrated lime, by volume




(1) Follow the left scale to the point
represented by 171 5'kg/m3.
(2) Follow the right scale to the point
represented by 6% by volume.
(3) Draw a straight line across the scale,
connecting the two points.
(4) The percent lime by mass, read
directly from the middle scale, is
2.0%.
B. In lieu of the charts or if values are not covered
by the charts, determine the percent by mass of
additive (C) using the following formula.

__(uBenooy oo
A - (UB/100)

Cm— 1t
(A/UB) - 0.01

where:
A = maximum dry density of the soil, kg/m3
B = % by volume of additive
U = unit mass of additive, kg/m®
100 = constant
0.01 = constant

example: (Type IP Cement)

A = 1765 kg/m?®
B =8%
U = 1440 kg/m?

1
c =
[1765/(1440 x 8)] - 0.01

_ 1
[0.1532] - 0.01

1
0.1432

C=170

Note B-4: To achieve required accuracy after
rounding, carry to four decimal places, as
shown.

C. Calculate the mass of additive (E) in grams to be
incorporated into the representative portion of
soil using the following formula and record on
the worksheet.

=C><D
100

E
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where:
C = % by mass of additive (from chart or
formula) '
D dry mass of representative portion, g

100 = constant

example
C = 73%
D = 3000¢g
E - 7.3 x 3000
100
_ 21900
100
E=219g¢g

D. Calculate the quantity of water to be added to
each representative portion (G,) in mL to yield a
moisture content incremented by 2 percent above
that of the previous representative portion by
using the following formula.

G, =G, + (002 x F)

n

where:
G,.1 = volume of water added to the previous
representative portion, mL
F = total mass of material and additive, kg
0.02 = decimal equivalent for a 2% increment
of moisture
example
G,y = 207 mL
F = 3219¢
G, =207 + (0.02 x 3219 )
= 207 + 64.38
G, =271 mL
Note B-5: 1 g of water = 1 cc of water = 1 mL of water.

E. Perform all calculation steps for the soil-additive
mixture in accordance with Method A, Step V.B -
J.
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VIL. Report 1. Grain Size Distribution
2. Atterberg Limits
A. Report the Maximum Dry Density and 3. Soil Group
Optimum Moisture Content on the Laboratory 4. Group Index
Compaction Report and on the Soils/Soil- 5. Classification
Aggregate Form to the nearest 5 kg/m3 and . .
0.1 percent, respectively. VHI. Normatl Test Reporting Time
B. Report the type and percent by volume of Normal test reporting time is 5 days..
additive to the nearest percent on the . .
Laboratory Compaction Report and the Note B-6: When percent cement is to be determined
Soils/Soil-Aggregate Form. by DOTD TR 432, Method B or the percent
C. From DOTD TR 407 and TR 423, report the lime by DOTD TR 416, normal testing and
following on the Laboratory Compaction reporting time will be 3 weeks or 2 weeks,

Report and on the Soils/Soil-Aggregate Form. respectively.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 03-22-4194
LABORATORY MOISTURE - DENSITY RELATIONSHIP getm
ev. 4/98
DOTD TR 418 - Methods A &(B)
(Metric)

prOJECTNO: 999- 99-0099 DATE: _42/42 /9 LABNO: 22~ 9999299

*TYPE ADDITIVE: Iyp_gm_caw TvPesoi € ng Loam  SAMPLENO: _S—/
TESTEDBY..ZoS. AL M.  checkepsy: (5.C.

*MAX. DRY DENSITY OF SOIL (___ TR418-A ___ TR415-4), kg/m®
*REQUIRED % BY VOL. OF ADDITIVE (___ TR432-A, _____TR432-B, ___ TR416, ___ spedified)
*% MASS OF ADDITIVE ( chart, formula)

DRY MASS OF SOIL (representative portion), g

*MASS OF ADDITIVE TO BE ADDED, g
“TOTAL DRY MASS OF SOIL AND ADDITIVE, g

(Cxo)omo 2/
e | /9

n |mjo |O jm |>»

* FOR USE WITH DOTD TR 418, METHOD B ONLY.

CURVE POINT NO. 5 6
MOISTURE CUP NO. KA
WATER ADDED, mL e 3
MASS MOLD, BASE (i appl) & WET SOIL, g Lo/9
MASS MOLD & BASE (i appiicabie), g B4 A
MASS WET COMPACTED SOIL, g WZZL]
MASS OF CUP 8 WET SOIL, g _ |5 %251
MASS OF CUP & DRY SOIL, g I £
MASS OF WATER, g &s5.7
MASS OF CUP & DRY SOIL, g Ay
MASS OF CUP, g ' e 7C| ¥7.57
MASS OF DRY SOIL, g | ow L-M .0\ 4790 9%:«2 SRt [ £793
—_
WET DENSITY, kg/m® WWD 0.944 1840 | 1903|1925 1529)| £5.32
MOISTURE CONTENT, % MC | owwiow) x 100
7/ | 9o0lno |mel| 3.7

DRY DENSITY, kg/m® DWD o

e [ 702 ) 746\ ] 779\ /76 /490

REMARKS: O—> Mass

Laboratory Moisture - Density Relationship Worksheet (03-22-4194)
Figure B-1 (Metric)
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ADDITIVE ADDITIVE
PERCENT PERCENT
BY MASS BY VOLUME
MAXIMUM .
DRY DENSITY - 18
95 1?7
15850 18
1600 100 'S
14
1650
13
105
" 1700 : 12
7.3 % Cement
~N Additive by Weight
1750 1O "
~_ '\
1800 <
\\
10
e N~
w 1sgo s ~ ~
~
E [ ~N ~
= L ~N —~ 9
1900 - N
-] 120 o ~N
© - N
— 1960 0 N =~ 8
(L] =]
2000 128
2080 2.0 % Lime 7
Additive by Weight
. 130
2100
\\
2180
135 []
2200
2250 140
2300 S
195
NOTE: This chart is not suitable for use
when Type IP Portland-Pozzoian
cement is being used.
4
ADDITIVE CONVERSION CHART
RELATION IN PERCENT BY MASS OF OVEN-DRY SOIL, SOIL-AGGREGATE,
OR AGGREGATE TO DESIGN PERCENT BY VOLUME
)

Additive Conversion Chart
Figure B-2 (Metric)
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DOTD 03-22-4165
LAB COMPACTION REPORT - DOTD TR 418 METHOD B Metric / English
- Rev. 3/98
Project No.§99-99-0099 station S.No. |  LabNo. 22-9999
COMPACTION REPORT — : — e :
% Ret. 25.0 mm (1) = — -
% Ret. 19.0 mm {3/4) ; — —
% Ret. 12.5 mm (1/2) —1| WET DENSITY
% Ret. 4.75 gm (4) : e e .
% Ret. 2.00 ym ({10) = . — e T
% Ret. 425 gm (40) . —— : g
% Ret. 75 um  (200) ___Zp : f i T = —
% Silt 3 : ! ‘ : =
2080 |% clay & Colloids _{E—d —— e aes
% Pass 2.00 ym (10) — } — =2
% Pass 4.75 um (40) g : ; = !
% Pass 75 ym (200) \5% - S =
Zoto % Sand (Tot. Material) : : — ' =i -
% Unadjusted Silt i : 1 T T
% Unadjusted Sand B = s R e s 0
2000 |% Unadjusted Clay == e e s S s S " SEeses
ATTERBERG LIMITS == — = ¥ : =
Liquid Limit 24 : AT BT T :
1960 Plastic Limit 1 T > N e = -
Plasticity Index 9 = i Nt T e
1920 Soil Group  A- 4 : % 5 =
Group Index 5 :
Classification CEM. STABR . o
I Loam = = — . -
1880 |apDITIVE, % : -
MAX. DENS. kg/m® ubm’)_m_ — —— e T
840 |OPT- MOISTURE, % _12.6 =+ - Sn e
! , o »-'-«—'-a_ _ . -2 : R
Iaw — : 1 T t jms
170 | ==
1T20 E : = ' =
"o& ‘f - :
1LAD E : S e : = S
e S bt DRY DENSITY :
|L€D = ' 31 t Ji J7 T ]“ ”r + : : — ‘I;’ — .
THIS CURVE MAY BE USED e : =ix : T a2542a :
FOR SOILS REPRESENTED = T o —F— — T a4
BY SAMPLES: eI e = — 5 =
S—— e DATE: £/19 /98
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
c T & 9 Jo 11 12 13 14

Laboratory Compaction Report (03-22-4165)
Figure B-3 (Metric)
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MATT MENU SELECTION - 14 Loulsnana Department of Transportation acd Deveiopment DOTD 03-22-0723
SOILS/SOIL-AGGREGATE Rev. 5/98

Metric / English M| (M or £ - Located on MATT Menu)

ProjectNo. 1919191719191 2101019191  Material Code 14| | Lab. No. & 21919\ N 9D
Date Sampled { 12( 101/ | "191T) Submitted By 12101219 Quantity Lt |} 1§ |
Purp.Code 7] PitNo. Lt | | Spec Code (33
Date Tested |/JI-V kR 1917 ident. 1SI=141 | 1 J Parish No. L[17!
From Station L1 | | J+ L 1L 11 To Station (_L_L | I+ 0LL1 | location L L.t 1 | {1 1 ¢ 111
Hole No. Depth, mft) L) 1e 1 | Ll (o 1 | Log Distance, km(mi L_L_1®1 | | |
Item No. EIC AT ) N I Sampled by: _ N, H ,
Remarks1 L L L 0 1 1 0 01 41Vt ) 41147
I 1 T Y NN NN
Hydrometer Analysis (DOTD TR 407) |Graduate No.____ | Dry Mass of Sample (W), g (1=50.0, 2=100.0) ___
. (T) . (h) ©) Corrected % Finer Effect. Grain Size
Time Eiapsed Temp°C Hydro Reading Carrection Reading H
Time {0.5° incr {0.5i s) (0.5 increments) H=h-C Pem 00 Dk ‘E
SOMinutes | | | je) | Ll et | Ll det |
120Minutes | | | e} | Ll le} | Ll te] i
Size Mass Retained (wx) % {DOTD TR 407}
Mass Cup + Soil, g LI | 181 Gram : :et. fg.g mm (; ;4)
Cup No. et. 19.0 mm {
Mass Cup, g Ll el Total Mass, g LLt 11y % Ret. 12.5 mm (1/2)
Mass Soil, g 25.0 mm (1) LLlagy % Ret. 4.75 ym (4)
19.0mm (3/4) L1 1 ]| % Ret. 2.00 ym (10)
: 125mm (1/2) i1 % Ret. 425 ym (40)
Mass Cup + Soil, g Lt 181 ) . % Ret. 75 um (200}
Cup No. 4.75pm (4 L1y 9% Silt 35
Mass Cup, g Lidet ) 200um (10} LLLt )] % Clay & Colloids s
Mass Soil, g 425 ym (40) % Pass 2.00 ym (#10)
75 ym (200) % Pass 4.75 um (40)
% Silt % Pass 75 um (200)
Mass Cup + Soil, g Ll et | ; T lI% Sand (Tot. Material)_______
Cup No % Clay & Colloids - 1% Unadjusted Siit 25
Mass Cup, g Ll tet | Pass 4.75 um (#a) % Unadjusted Sand ﬁ_-_[
Mass Soil, g Pass 2.00 ym (#10) % Unadjusted Clay
ILLQLLIQ.LIMI % Organic Matter (TR 413) I
No. Blows Liquid Limit (TR428)  _ R4
Mass Cup + Wet Soil, g l |_le] } Plasticity Index (TR 428) 3
Mass Cup + Dry Soil, g L_L_1%! | | Natural Moisture Content, %(Tr 403 I T I
Mass Water, g e Optimum Moisture Contem, % Jraw LLiRle 1O
Zﬁ:ﬁo e || Maximum Density, kg/m® (Ib/#t3) (T 418) Ligopl |
Mass Cup. g L_t_i®t y | taboratory Compaction Method (T 418) 81
Mass Dry Soil, g —e, % Cement (TR 432 or Plans} 1Bleid]
% Moisture —_— % Lime (TR 416) Ll
BLASTIC LIMIT % Fly Ash Ll
it .
Mass Cup + Wet Soil, g %'Other {Additive) Material Code |_1_1_ 1| Percent |1 _1 | |
Mass Cup + Dry Soil, g L1 1 _L j || Soil Group (TR 423) é—‘t&‘ )
Mass Water, g Classification (TR 423) -wy_‘_—m
Cup No. pH (TR 430) LLA L]
Mass Cup, g Ll iet | | Resistivity, ohm-cm (TR 429) N
';23;15 Dry Soil, g — Classification Prefix (TR 423}  (GmSiliceous Aggr. Na=Non-Siiceous S=Shel) ||
onsm(\e ] ired only if +2.00 mm INo.IO._gI materis/ guo/s or exceeds 5%)
Remarks 2 Ltol L 1 L1 L} 0 01 0} 18 L1143 4 ]y
L~LlIIlIIIllllllIllIlIllIIll
Tested By: Checked By: APPROVED BY:
Date: Date: DATE:

Soils/Soil-Aggregate Report (03-22-0723)

Figure B-4 (Metric)
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DOTD Designation: TR 418M-98

METRIC VERSION

METHOD C

l. Scope

This method of test is designed to determine the
optimum moisture content and maximum dry density of
shell or sand-shell when compacted in the laboratory in
accordance with this procedure.

Il. Apparatus

A. Mold

1. A cylindrical metal mold, having a capacity of
0.002832 m?, manufactured with an internal
diameter of 1562.46 £0.66 mm and a height of
154.90+£0.41 mm, and with a detachable
collar approximately 90 mm in height, which
can be fastened firmly to a base plate.

2. Molds shall be replaced if any diameter is more
than 153.39 mm or the height is less than
152.40 mm at any point.

Note C-1: Different makes of compactive devices may use
mold base plates of different designs. The
mold base plate must be compatible with the
make of compactive device used.

B. Compactive device - automatic rammer with a
4.536 £0.045 kg rammer, with a striking face that
is a 2026.83 mm? sector face for use with a 152
mm inside diameter mold and arranged to control
the height of drop to 457+2 mm

C. Compaction block - a stable block or pedestal
composed of portland cement concrete with a
mass of 90 kg.

'D. Straightedge - steel straightedge, approximately
300 mm long.

E. Scale - a scale of 10 kg or more capacity,
sensitive to 5 g or less.

F. Sieve - a 19.0 mm sieve, conforming to the
requirements of the Standard Specification for
Wire Cloth Sieves for Testing Purposes (AASHTO
Designation M 92).

G. Tools
1. Mixing pans with appropriate covers.

2. Spoons.

3. Pointed trowel.

4. Spatula or large suitable mechanical device
for thoroughly mixing material with water.

5. Large screwdriver to remove material from
mold.

RS I

6. Finishing tool.

7. Height gauge - dial micrometer incremented
in 0.025 mm, accurate to 0.025 mm,
mounted on a stand.

Graduated cylinders - incremented in mL.

Wax paper.

Engineer's Curve - Alvin 1010-21, or equivalent.

Power driven wedge crusher.

Laboratory Moisture - Density Worksheet,

Methods C & D - DOTD Form No. 03-22-4195.

{Figure C-1)

Laboratory Compaction Report - DOTD Form No.

03-22-4165. {Figure C-2)

Aggregate Test Report - DOTD Form No. 03-22-

0745. (Figure C-3)

Note C-2: [t is convenient, but not eésentia/, to have

a mechanical device for removing the
compacted material from the mold. Such a
device may consist of a closed, cylindrical
sleeve slightly less than 152 mm in
diameter or a piston of the same diameter,
actuated mechanically, hydraulically or by
air pressure.

. Test Sample

A,

Obtain a representative sample, having a mass
of 55 kg each (4 full sample sacks each) of shell
and sand. _
Dry entire sample of each component in
accordance with DOTD TR 411.

IV. Procedure

A.

Preparation

1. Set crusher to produce 19.0 mm maximum
size material.

2. Crush entire dried shell sample, sieve and
recrush, until 95-100 percent of the material
passes a 19.0 mm  sieve.

Note C-3: If sand is not to be mixed with the shell,

proceed to Step 5.

3. If the material to be tested is a sand-shell
mixture, determine the "unit mass at point of
delivery" of each component (sand and
crushed shell) in accordance with DOTD TR
417.
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4,

If the material to be tested is a sand-shell
mixture, determine the percent by mass of each
component by using the specified percent by
volume. Refer to Step V.A.

. Prepare a minimum of five 7 kg representative

portions. If the material is a sand-shell mixture,
combine the sand and shell in the proportions
by mass determined in Step 4, and mix
thoroughly.

B. Testing

1.

Add a sufficient quantity of water, measured in
mL, to make the 7 kg representative portion to
be used for the first point slightly damp. Mix
thoroughly. Record the quantity of water added
as G for the first point on the worksheet.

. Add and thoroughly mix a quantity of water,

measured in mL, to each remaining 7 kg
representative portion to increase the moisture
content of each portion by 2% more than the
moisture content of the previous portion. The
2% increment may be adjusted if necessary.
{Refer to Step V.B) Record the quantity of
water added as G for the remaining points on
the Moisture-Density Relationship Worksheet,
Methods C and D.

. Cover the representative portions to which

water has been added, protect them so that the
moisture content remains constant, then allow
them to stand for a minimum of 30 min. Remix
and recover the individual representative
portions.

. Compact test specimen.

a. If mold requires an attachabie base plate,
attach base plate. Determine the mass of
the mold and base plate and record as | on
the worksheet.

b. When using a mold without an attachable
base plate, place wax paper on compactor
base. Determine the mass of the mold
and record as | on the worksheet. Place
the mold over the wax paper and secure
to the compactor base.

c. Attach collar to mold.

d. Uncover a representative portion and
remix.

e. Place a quantity of this material into the
mold in an even layer that will yield
approximately 1/3 the volume of the mold
after compaction. Recover the
representative portion.

f. Use a pointed trowel to rearrange
particles, filling voids in the loose material
without compacting the material, to a
uniform lift thickness.

. Rest the automatic rammer on top of the layer

to be compacted. Compact the layer using 150
blows with the rammer.

. Note height of compacted material. If

compacted layer is not 1/3 the height of the
mold, correct for any deviation by adjusting the
quantity of material used for the subsequent
layer.

. Repeat Steps IV.B.4.d- h for two more layers.
. After the third layer has been compacted,

remove the mold, base plate, if applicable, and
compacted specimen from the automatic
rammer and place in a pan.

. Tap the collar with the straightedge to loosen

material bond and remove the collar from the
mold, without twisting or causing shear stress
to the molded specimen.

. Note the height of the compacted test

specimen.

(1) If the compacted material is less than 145
mm in height or is more than 15 mm above
the height of the mold, remove all material
from the mold, remix it with the original
representative portion and repeat the test.

(2) If the compacted material is above the top
of the mold, but not more than 15 mm
above, proceed as follows:

Keeping the mold, base plate (if
applicable), and specimen in the pan,
trim the specimen even with the top
of the mold, using the steel
straightedge. Fill any depressions with
the fine, trimmed material, smoothing
each area with the straightedge after
it is filled. Do not attempt to replace
aggregates that have been dislodged.

(3} If the compacted material is below the top
of the mold, but greater than 145 mm in
height, proceed as follows:

(a) Place the finishing tool on the
compacted surface and rotate it while
tapping very lightly to smooth and
level the surface. Do not impart
additional compactive effort to the
specimen.

{b} Determine the height of the specimen
by measuring to the nearest 1 mm at
three locations spaced equally around
the circumference, and averaging.

(c) Calculate the volume of the specimen
in accordance with Step V.C and
record as K on the worksheet.

m. Brush material from all outside surfaces of

mold and exposed edges of base plate or wax
paper.



n. Remove wax paper (if applicable) and brush
fines from wax paper onto top of test
specimen. Take care not to lose any fines from
test specimen.

o. Determine the mass of the mold, base plate {(if
applicable), and compacted test specimen and
record as H on the worksheet.

p. Remove the base plate (if applicable). Remove
test specimen from mold and determine
moisture content by breaking up and drying the
entire test specimen in accordance with DOTD

. TR 403, Method B.

g. Repeat Steps |V.B.4.a-p for each 7 kg
representative portion, cleaning the mold
between each test specimen. Continue
repeating the procedure until there is a
substantial decrease in the wet mass of the
compacted material or the material becomes
too wet to compact.

V. Calculations

A. If the material tested is a sand-shell mixture,
calculate the Percent by mass for each component
(sand (W,;) and shell (W,)) using the following
formulas, and record on the Moisture-Density
Relationship Worksheet, Methods C and D.

W. < S, x V, x 100
T8, x V) (S, xV,)
w, - S, XV, x 100
(S; x V) + (§, x V)
where:
S, = unit mass of sand at pbint of delivery,

kg/m® (from DOTD TR 417)

unit mass of shell at point of delivery ,
kg/m® (from DOTD TR 417)

V; = % by volume of sand (as specified)

(7]
N
[}

V, % by volume of shell (as specified)
examples:
S; = 1441 kg/m® V, = 35 %

S, = 961 kg/m® V, = 65 %

_ 1441 x 35 x 100
(1441 x 35) + (961 x 65)

=

1

_ 5043500
(50435) + (62465)

= 44.672
W, = 447
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Rev. 8/98
Page 21 of 72
Method C
Metric

- 961 x 65 X 100
(1441 x 35) + (961 x 65)

2

_ 6246500
(50435) + (62465)

= 55.327
W, = 55.3

B. Calculate the quantity of water to be added to
each representative portion (G,) to vyield a
moisture content incremented by 2 percent above
that of the previous representative portion by
using the following formula.

G,=G,, +136

n

where:
G,.1 = volume of water added to the previous
representative portion, mL
136 = a constant representing the volume of
water in mL required for a two percent
moisture content for a 7 kg
representative portion

example:
G, = 306 mL
G, = 306 + 136
G, =442

Note C-4: 1 g of water = 1 cc of water = 1 mL of water

C. Calculate the volume of the test specimen (K) in
m? by using the following formula.

K = —_ x 0.01858
1000
where:
h = average height of test specimen, mm
1000 = constant to convert mm to m
0.018588 = constant equal to the area of the
specimen in m?
example:
h = 155 mm
K = 122 « 0.01858
1000
= 0.0028799
K = 0.002880 m?
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D. Calculate wet mass of compacted material in mold
(J} in grams for each representative portion by
using the following formula and record on the

worksheet.
J=H -1
where:

H = mass of mold & compacted wet material, g
= mass of mold, g

H = 12120¢g
= 6428¢g

J = 12120 - 6428

J = 5692

E. Calculate wet density (WWD) in kg/m® for each
. representative portion using the following formula
and record on the worksheet.

- J
1000 x K
where:
J = wet mass of compacted material, g
1000 = constant to convert g to kg
K = (0.002832) constant representing the
volume of the mold or the volume of the
specimen (if applicable) as calculated in
Step C, m®
example:
J = 5692g¢g
K = 0.002832m°

i 5692
1000 x 0.002832

WWD = 2010 kg/m?

F. Calculate the mass of dry material (DW) and the
mass of water (WW) in grams for each moisture
content by using the following formulas.

DW=L-M and WW=J-DW
where:

L = mass of pan and dry material, g
M = mass of pan, g
J = wet mass of compacted material, g

examples:
L = 7775¢g
M = 2327¢g
J = b692g
DW = 7775 - 2327 g WW = 5692 - 5448
an
DW = 5448 WW = 244

G. For each increment of water added, calculate the
moisture content (MC) in % of the material to the
nearest 0.1 percent by using the following

formula.
Mc = (YW « 100
DW

where:

WW = mass of water, g

DW = mass of dry material, g
example:

WW = 244¢g

DW = 5448¢g

MC = (-2%4) x 100
5448

= 0.04478 x 100
MC = 4.5

H. Calculate the dry density (DWD) for each
representative portion in kg/m3 using the
following formula and record on the worksheest.

(WWD)

= ———— X 100
100 + (MC)

where:

WWD = wet density, kg/m3
MC = % moisture content
100 = constant

example:
WWD = 2010 kg/m®
MC = 4.5 %



WD - 2010

= ——— x 100
(100 + 4.5)

= 18.2344 x 100

DWD = 1923 kg/m?

Beginning with the lowest moisture content, plot a
point on the Laboratory Compaction Report,
representing the intersection of a horizontal line
projected from the wet density and a vertical line
projected from the moisture content. Continue for
each moisture content until all points for wet
densities have been plotted. Repeat the process for
each moisture content, substituting dry densities for
wet densities.

Form a smooth line using the engineer's curve by
connecting the plotted points to form two curves,
Wet density Vs. Moisture Content and Dry Density
Vs. Moisture Content. (Refer to the Laboratory
Compaction Report.)

Note C-5: If after the results have been plotted, there is

not a minimum of three points on the dry side
and two points on the wet side of optimum,

VI.

A.
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additional testing must be performed until this
minimum is met. If a smooth curve cannot be
drawn, additional testing may be required.

Determine the Optimum Moisture Content (%) of the
total material, which is the moisture content
corresponding to the peak of the dry density curve.
Determine the maximum dry density of the total
material, which is the mass corresponding to the
peak of the Dry Density Curve.

Report

Report the Maximum Dry Density and

Optimum Moisture Content on the Laboratory

Compaction Report and the Aggregate Test Report

to the nearest 5 kg/m3 and 0.1 percent,

respectively.

Report the material type (sheli or sand-shell) on the -
Laboratory Compaction Report.

Report the DOTD TR 418 method used on the

Aggregate Test Report and on the Laboratory

Compaction Report.

VIl. Normal Test Reporting Time

Normal test reporting time is 3 days.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT

LABORATORY MOISTURE - DENSITY RELATIONSHIP
DOTD TR 418 - N_Ie)thods@& D

DOTD 03-22-4195
Metric
Rev. 4/98

" prosecTNO: 999-99-9%99 paTe: /A /19[97  waeno HL- $99999
*TYPE ADDITIVE: TYPE SOIL: SAMPLE NO: _SS- &
TESTED BY: LA . creckepsy: G. C.

SAND SHELL “TOTAL
PERCENT BY VOLUME Vi= 34 Vs & V, +V, = 100
UNIT MASS, kg/m? S = ,44 / S, = 9 ¢/
THEORET. UNIT MASS OF MIX, kgi? | SV, = 504/ 3 & $V:= o 24 G 5 SVi+SVa= /102, 9 00
PERCENT BY MASS SAND-SHELL W= 4L 77 W= 574~ 2 Worw,= 700
| MIX MASS OF SAND-SHELL, g W, x7000) + 100=8/2, 9 | W;x7000)+100= & 77 D =7000

*MAX. DRY DENSITY OF MATERIAL (From TR 418, Method C), kg/m® AR

*REQUIRED % BY VOL. OF ADDITIVE ( ___ TR432-8, ____ specified) 8

*% MASS OF ADDITIVE ( chatt, formula) cf

DRY MASS OF MATERIAL (Rep. portion) { Shel, Sand-Shell), g b 7000

*MASS OF ADDITIVE TO BE ADDED, g E | (CxD)+100

*TOTAL DRY MASS OF MATERIAL AND ADDITIVE, g F D+E

* FOR USE WITH DOTD TR 418, METHOD D ONLY.

CURVE POINT NO. - 2 3 4 I 5 €
PAN NO. (if applicable) e 27 1 &l 101 70
WATER ADDED, mL G | See Calculations 06 |41 |\ 578 (714 &g
MASS MOLD, BASE (if appl) 8WETMATL.g | H VEEXLNEL o ZAVET 23

MASS MOLD & BASE (f applicable), g 1 o428 | %28 | o428

MASS WET COMPACTED MATERIAL, g J H-1 921 5907\ ods | 6037 SR2H
VOLUME OF MOLD (or specimen), m® K 0: DOAR P

MASS OF PAN & DRY MATERIAL, g L 51\ 79651792 7 7847\ 7

MASS OF PAN, g ' M 27| A421 12290 | 22942259
ASS OF DRY MATERIAL, g ow L-M 54448 | 5534 5007 S307
MASS OF WATER, g wWW J-DW 3744 g&i? 53 &7
WET DENSITY, kg/m? WWD W’o')'x' 2010 (9084|2135 | 2132|2092
MOISTURE CONTENT, % Mc [ mwwowx100 | g8 | L | 7.8 | 96 | 16
DRY DENSITY, kg/m® owp [ T« 100 1923 19557\ 1281 | 1945|1875

REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4195)
Figure C-1 (Metric)
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' DOTD 03-22-4165
LAB COMPACTION REPORT - DOTD TR 418 METHOD € Metric / English
- Rev. 3/98
Project No. ¥A4-44- 0o station S.No.SS=& Lab No. 22- 999999
COMPACTION REPORT =0 e 22
| GRAIN SIZE i e e e 2
% Ret. 26.0 mm (1) T eyt ‘
% Ret. 19.0 mm (3/4) =5 - o T T
% Ret. 12.5 mm (1/2) = . 3| _ WET DENSITY ===
% Ret. 4.75 ym (4} t : = 5 = e 252 Eassassieanonazs NN
% Ret. 2.00 gm {10) , : s ivesiinies I
% Ret. 425 im (40) : T e T
% Ret. 75 um  (200) - = : it e
% Silt : ; ' - EET T
% Clay & Colloids ; t —— : meermnaasaas
% Pass 2.00 ym (10} = =3 + SEatIiiivizan:
% Pass 4.75 um (40} it SRR
% Pass 75 um (200) 253 secnesyrcaseamasn:
% Sand (Tot. Material) : o T
% Unadjusted Silt : = T
% Unadjusted Sand e &:H
% Unadjusted Clay I3 i s
|ATTERBERG LIMITS CRHECrEE b
Liquid Limit e zasaus R
Plastic Limit BF b : 4 i
Plasticity index = 2 : s 4
Soil Group  A- i :ﬁ_"__: ﬁ ' ’
Group Index %-’« e s e £
Classification - e e S maae W
- L. : s Semarma I s 1*;:‘”.-&‘
S e
ADDITIVE, % == SR 3
MAX. DENS. kg/m® (Ib/tt°_[ A9 0 e L= =i ¢E¢ i
2140 |OFT: MOISTURE, % —"—‘% S e S e
= S T
= o : R
2120 E5 ; - -
2080 T e
2040 : , =]
, ; ==
1460 : a A
! |__DRY DENSITY _ |&Es
e * SEERsEssiaser i R
E = < Fi --’-ﬂ_____rﬁ#
THIS CURVE MAY BE USED H 152
FOR SOILS REPRESENTED Bk = HH
1880 BY SAMPLES: = "'h ; T
: ¥ 5t : : 8
1840 :
S —=| oatE: 5 /18 /98

MOISTURE CONTENT - PERCENT OF DRY WEIGHT

4

s ¢ 1T & 9

lo

h

12

Laboratory Compaction Report (03-22-4165)

Figure C-2 (Metric)
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ProjectNo. L1708 1-19191- 101012191
Date SQmphd LL&‘LLQ.IZ';LZLZI

Material Code 1214 Lab No.
Submitted By

MATT MENU SELECTION - 2 Louisiana Department ofTﬁnspoﬁaﬂon and Development DOTD 03-22-0745
AGGREGATE TEST REPORT Metric zlsgnglish

L8199 1919199
Quanﬁty I Y Y O

PupCode 7!  source Code 14141919 Spec Code PO.No. Ll 1 1t}
Date Tested 1L 1/ 21191 7| ot | HSI=16L | | plantCode Ll L1  FrictRating L) (1-4)
item No. W20l ) L g Date Rec'd tab) _/e2/ % /9 7. Sampled By: _S.C,
Remarks1 L—L Ll 1 1 3 1 v 0\ v )0 100y
NN DU N U S UOSO J Y  TONNS FNU H S SN TUN NN MR O AN NN N OO O R
Tested By _ B.B. Date _42/i2/97 CheckedBy__ G- C. Date_/e2.//8/97 -
DOTD TR 102, 112, 113 & 309 DOTD TR 428
Unit ) t=grams 2=pounds Uguid Limit Plastic Limit
Sieve % % % [ [[No: of Blows (| Mass Cup + Wet Sollg L1 1® |
mm In. Mass Retained Retained| Coarser |Passingf ||Mass Cup + WetSoilg L_1_1®1 | MassCup + DrySollg | _1®1 |
63 212 I T I O | Mass Cup + Dry Soil,g 11 1®1 | Mass Water
50 2 (I I ] Mass Water Cup No.
Factor Mass Cup, g (L
37.5 1172 R Cup No. Mass Dry Soil
315 114 R —— Mass Cup, g L1l 1®1 | % Moi
25.0 1 N O Y Mass Dry Soil
19.0 374 L Lt 1 & 11 % Molsture Plasticity Index
o
16.0 5/8 | O T O T O O | Absorption (T84 or T85) —_ 1%
12,5 1”2 Ll b1t ] Spec Grav SSD (T84 or T85) L1 b
95 Py Spec Grav APP (TR 300) 19
- L1 Effective Spec Grav (TR 300) L1®: |
475  No.4 O T S | Opt Moist Content, %(TR 418) L8183
Mass Matlin Pan Maximum Density (TR 418) kg/m® (Ib/ft%) /19,910
Total Lab Comp Method (TR 418) Lo
- Cement, % (TR 432 or SPECIFIED) (IR TH
llniﬂal Dry TotailMass | | Lyt ! Lime, % (TR 416 or SPECIFIED) i '
Other (Additive} Code |__j | % |1 18
_‘_"PE_ L 1=grams 2=pounds — o] Clay Lumps, % (TR 119) e 1®) 1 i
o . Mass Retained [ % [ % Pa::im Friable Particles, % (TR 119) l®y |
Clay Lumps & Friable Particles %(TR 119 |_i1 @t
236 8 Flat or Elongated Part,%(TR 119) Ll 1@
2,00 10 Coal & Lignite, % (TR 119) X
1.18 16 Glassy Particles, % (TR 119} 119
Iron Ore, % (TR 119) 19
S0 30 Wood, % (TR 119) Li®
425 40 Total (Clay Lumps, Fri.Part.,Iron Ore,
300 50 Coal & Lignite, Waod), %(TR 119) 10
180 20 Foreign Matter, % (TR 109) [ T B |
Clam Shell, % (TR 110) [T -
150 100 Soundness, % Loss (T 104) (T T
75 200 Abrasion, % Loss (T 96) el 1@
53 270 Colorimetric Test (1 =Pass, 2=Fail) (T 21) L
Asphalt Content, % (TR 307) Ll 1%
Mass Matlin Pan Retained Asphalt Coating, % (TR 317) [ |
lpecant Loss _ Percent Crushed (TR 306) Ll 1 ]
- Retained Marshall Stability (TR 313) —_r
fce. Total Resistivity (TR 429) N DO TR O N |
[|initial Dry Total Mass [ IR I | % Diff; pH (TR 430) 18 |
j Organic Content, % (TR 413) L ie) )
lbry Mass After Wash e Sand Equivalent (TR 120) L
Remarks 2:
N N OO N Ot N OO I IO T O Y T A Y O T |
I N N O I N N T T T Y Y A I Y Approved By: Date:

Aggregate Test Report (03-22-0745)
Figure C-3 (Metric)
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DOTD Designation: TR 418M-98
METRIC VERSION

METHOD D

Scope

This method of test is designed to determine the

optimum moisture content and maximum dry density of

shell or sand-shell with cement additive when
compacted in the laboratory in accordance with this
procedure.

Il. Apparatus

A. Same as DOTD TR 418, Method C.

Cement.

Note D-1: Cement shall meet DOTD specifications for

v.

Type IB. For Type IB cement, a unit mass of
1500 kg/m3 shall be used. When Type Il or
Type IP cement is used on the project, it shall
be used in lieu of Type IB to determine the
report values for this method of test. Type Il
and Type IP cement shall meet DOTD
specifications. For Type IP cement a unit
mass of 1440 kg/m® shall be used. For Type
Il cement, a unit mass of 1500 kg/m3 shall
be used.

Personal protective equipment.

1. Respirator. ’

2. Gloves.

3. Apron.

4. Goggles.

Laboratory Moisture-Density Workshest,
Methods C & D - DOTD Form No. 03-22-4195.
(Figure D-1)

Additive Conversion Chart. (Figure D-2)
Laboratory Compaction Report - DOTD Form No.
03-22-4165. (Figure D-3)

Aggregate Test Report - DOTD Form No. 03-22-
0745. (Figure D-4)

Test Sample

Same as DOTD TR 418, Method C.

Health Precautions

Care must be taken not to allow cement to contact

skin or to inhale the dust.

V. Procedure

A. Preparation

1.

Determine the maximum dry density of the
raw material using DOTD TR 418, Method C,
and record as A on the worksheet.
Determine the percent by volume of cement
in accordance with DOTD TR 432, Method B
or use the percent specified. Refer to Step
VI.LA or B for mass-volume conversion
calculations. Record the percent cement by
volume as B and the percent by mass as C on
the worksheet.

Prepare a minimum of five 7 kg
representative portions from the test sample.
If the material is a sand-shell mixture,
combine the sand and shell in the proportions
by mass determined by DOTD TR 418,
Method C.

B. Testing

1.

Note D-2:

.representative portion to

Calculate the mass of additive to be added to
the representative portions in accordance
with Step VIL.C and record as E on the
worksheet.

Add the required mass of cement determined
in Step V.B.1 to each representative portion.

Coordinate the initial mixing of cement with
the representative portion so that a
continuous compaction operation will result
without violating the 90 £ 5 minute standing
and slaking times in the following steps.

. Add a sufficient quantity of water measured

in mL, to make the 7 kg representative
portion to be used for the first point slightly
damp. Mix thoroughly. Record the quantity
of water added as G on the worksheet.
Add and thoroughly mix a quantity of water,
measured in mL, to each remaining 7 kg
increase the
moisture content of each representative
portion by 2% more than the moisture
content of the previous portion. The 2%
increment may be adjusted if necessary.
(Refer to Step VI.D) Record the quantity of
water added to each representative portion as
G on the worksheet.

Cover the representative portions and allow
them to stand for approximately 30 minutes,
then remix.
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VL.

B.

6.

Cover the representative portions and protect
them so that the moisture content remains
constant, then allow them to slake for 60+5
minutes.

7. Compact test specimen in accordance with
Method C, Steps IV.B.4.a-q.
Calculations

Calculate percent by mass of cement by Additive
Conversion Chart.

1.

Enter the chart on the left scale. Reading
vertically, place a point at appropriate
maximum dry density of the shell or sand-
shell mixture obtained in Method C.

Reenter the chart on the right scale. Reading
vertically, place a point at the design percent
by volume of cement.

Draw a straight line across the chart
connecting the two points plotted in Steps 1
and 2.

Read the percent cement by mass directly
from the chart at the point where the line
drawn in Step 3 intersects the middle scale.
Record the percent by mass of additive as C
on the worksheet.

Example: Figure D-2
A = 1990 kg/m®
B = 5 % cement by volume
U = 1500 kg/m®

a. Follow the left scale to the point
represented by 1990 kg/m®.

b. Follow the right scale to the point
represented by 5% by volume.

c. Draw a straight line across the scale,
connecting the two points.

d. The percent cement by mass, read directly
from the middle scale, is 3.9%.

In lieu of the charts or if values are not covered by
the charts, determine the percent by mass of
cement {C) by using the following formula.

(UB/100)

2 = x 100
A - (UB/100)

Com '
(A/UB) - 0.01

where:
A = maximum dry density of the shell or
sand-shell, kg/m3
B = % by volume of cement
U = unit mass of cement, kg/m°
100 = constant
0.01 = constant
example:
A = 1990 kg/m®
B = 5%
U = 1500 kg/m3

_ 1
[1990/(1500 x 5)] - 0.01

_ 1
(0.2653) - 0.01

1
0.2553

C=39

Note D-3: To achieve required accuracy after rounding,

C.

carry to four decimal places, as shown.

Calculate the mass of additive (E) in grams to be
incorporated into the representative portion of soil by

using the following formula and record on ‘the
worksheet.
E - CxD
100
where:
C = % by mass of additive (from chart or

formula)

D = dry mass of representative portion, g
100 = constant
example:
C = 39%
D = 7000¢g
E - 3.9 x 7000
100
_ 27300
100

E = 273

l
{
l



Caiculate the quantity of water to be added to
each representative portion (G,) in mL to yield
a moisture content incremented by 2 percent
above that of the previous representative
portion by using the following formula.

G, =G, +(0.02 x F)

n
where:

Gn-1

volume of water added to the previous
representative portion, mL

F = total mass of material and cement, g
0.02 = decimal equivalent for a 2% increment
of moisture
example:
G = 273 mL
F =7273¢g

G, = 273 + (0.02 x 7273)

= 273 + 145
G, = 418
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Note D-4: 1 g of water = 1 cc of water = 1 mL of
water

E. Perform all calculation steps for the material in
accordance with Method C, Step V.C-L.

VIl. Report

A. Report the Maximum Dry Density and Optimum
Moisture Content on the Laboratory Compaction
Report and the Aggregate Test Report to the
nearest 5 kg/m3 and 0.1 percent, respectively.

B. Report the type and percent by volume of cement
to the nearest 0.1 percent and the material type
(shell or sand-shell on the Laboratory
Compaction Report.

VIIi. Normal Test Reporting Time
Normal test reporting time is 5 days.
Note D-5: When percent cement is to be determined by

DOTD TR 432, Method B, normal test
reporting time will be 3 weeks.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT
LABORATORY MOISTURE - DENSITY RELATIONSHIP

PROJECTNO: 4499- 99- 0099

DOTD TR 418 - Methods C
{Metric) &®

DOTD 03-22-4185
Metric
Rev. 4/98

DATE:  4L/m/fa7 LABNO: - 999999

*1vPe ADDITIVE: Type T8 Cement  TYPESOIL: Sand /Shell  SAMPLENO: _SS-7

TESTED BY: PB.

CHECKED BY: _G. £

SAND SHELL TOTAL
PERCENT BY VOLUME Vi= 35 V.= ¢ 5 V, + V; = 100
UNIT MASS, kg/m® Si= 144 S:= 9¢¢ T e
THEORET. UNIT MASS OF MIX, kg/m* | S\Vi= 554l 3 &~ SV:= g4 65 SVi+SV:= )R 9. OO
PERCENT BY MASS SAND-SHELL W,z 44 7 W= 55" 3 W,+W.= 00
MIX MASS OF SAND-SHELL, g (W, x7000) + 100=3 /.2 G (W X 7000) + 100 = 5ﬂ7/ ‘ "D =7000
*MAX. DRY DENSITY OF MATERIAL (From TR 418, Method C), kg A /
*REQUIRED % BY VOL. OF ADDITIVE (_____ TR 432-B, ______ specified) ] "
*% MASS OF ADDITIVE ( chart, formula) c 3.9
DRY MASS OF MATERIAL (Rep. portion) ( Shell, Sand-Shell), g D 7000
*MASS OF ADDITIVE TO BE ADDED, g E|©cxD+10 | 273
*TOTAL DRY MASS OF MATERIAL AND ADDITIVE, g F D+E 72 7.3
* FOR USE WITH DOTD TR 418, METHOD D ONLY.
CURVE POINT NO. v 1 2 3 4 5 6
PAN NO. (if applicable) - 31 ©7 ¢t 101 27
WATER ADDED, mL G__| see Calculations 41y | 563 | 708 I
MASS MOLD, BASE (if appl.) 8 WETMATL.g | H 4 /R220 | R 4std | 12457 | 12929
MASS MOLD & BASE (if applicable). g ] | 622 o427 Lot ® | el &
MASS WET COMPACTED MATERIAL, g J H-i S438 | 579\ &otd- 14033 | & 00 ¢
VOLUME OF MOLD (o specimen). m® K M%
MASS OF PAN & DRY MATERIAL, g L | 79202 | 7970 | 782443\ 7743
MASS OF PAN, g M L2327 |2%k9) | R3G90\ X740 | £259
MASS OF DRY MATERIAL. g ow L-M YO 547/ | 5550|5583 |S535
MASS OF WATER, g wWw J-DW K7 |32y | 434 | Seto | &17
WET DENSITY, kg/m® wwp _—
W0OK 179941 | o | 2024 |2/27 | 2409
“IOISTURE CONTENT, % MC | wwowWx10 | oLy | g |20 | G Ly
3 wwo H
PRYDERSITY.temm i R V7 /931 _1/970 \1944 11909

REMARKS:

Laboratdry Moisture - Density Relationship Worksheet (03-22-4195)

Figure D-1 (Metric)
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ADDITIVE ADDITIVE
PERCENT PERCENT
BY MASS BY VOLUME
MAXIMUM
DRY DENSITY ’ 18
98 20 1?
9
1550 e '8 e
17
1600 —f- 100 18 3
-] 15 4
1650 is
108 13 '3
1700 12
. 12
: i
175
"X ho « 1"
10 ;
1800 w b
b 9 s 10
= "ns 3
W 1850 -3 W
- - ©
= w 8 *a s
o 0% 120 o 2 2 :
o 3 i 4 T3 3
— 1950 c <% 3
® = > £ - 8
* 2000 > 123 T feQ d
>~ 3.9% Cement Additive ,__f 3
2050 \\\ by Weight — 3 -7
130 3 / -
2100 >~ -8 / 3
~ ‘1: // :
~ P/ L
2150 L :
135 S .1 [
2200 "5:- " s
N -
2250 140 + \\ -
- ~_F
2300 4 ~§3
145 L L
LI 5 "
NOTE. This chart is not suitable for use 3
when Type IP Portlund-Pozzolon e
cement is baing used. 3
L. 49

ADDITIVE CONVERSION CHART

RELATION IN PERCENT BY MASS OF OVEN-DRY SOIL, SOIL-AGGREGATE,
OR AGGREGATE TO DESIGN PERCENT BY VOLUME

Additive Conversion Chart
Figure D-2 (Metric)
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DOTD 03-22-4165
LAB COMPACTION REPORT - DOTD TR 418 METHOD D Metric / English
Rev, 3/98
Project No. 424-9%-ppqq Station S. No.SS-7 Lab No. 22- 999999
COMPACTION REPORT St : e =+ Seoei it : 2|
LGRAIN SIZE e S : o o - : : Saiiisasaiss
% Ret. 25.0 mm (1) : : < =t : asagas: H
% Ret. 19.0 mm (3/4) = = EERRiETS 1
% Ret. 12.5 mm (1/2) . = [ WET DENSITY q
% Ret. 4.75 ym (4) : s e - = 4
% Ret. 2.00 y/m (10} = . : - : ]
% Ret. 425 pm (40) . ‘ - : SEEEEREa
% Ret. 75 ym  (200) - : - , : 25axs
% Silt :
% Clay & Colloids : - - _ e sy -
% Pass 2.00 ym (10) : aun e :
% Pass 4.75 um {40) : : e ! H
% Pass 75 ym (200) = > : ; = moa snsawenadzns
% Sand (Tot. Material) : = = " ﬂ
% Unadjusted Silt H
% Unadjusted Sand LT B : t : H
% Unadjusted Clay B — P s sy : : - : H
LATTERBERG LIMITS e st Eripr
Liquid Limit - : EEST N #:é
Plastic Limit - et 7
Plasticity index '
Soil Group  A- i~ .
Group Index 2 T
Classification -~ - s -
= Rcke = v . ;e = 5
ADDITIVE, % e Y s
MAX. DENS. kg/m® (Ib/i°]_1A 1S , e = stei
. |OPT. MOISTURE, % _ : s : zazes
260 e = == St i
T = FH :%
2120 i
2040 ? =
- : = e = |
e SR
2000 : e 2 ' E
t 2 IRsEISIE == et = :' = Eema n = _H‘E =t :-‘J
1960 : TS e i T e Cea] Sot s SrSs Srone SE AL
= e 'I;F% A1 = DRY DENSITY | ¥
1920 R e
THIS CURVE MAY BE USED E e - - : - : = 2
FOR SOILS REPRESENTED For——rro—— S 2 ’ Tt sIocIEiiiis
1880 Y sampLes: et ‘ e e e e S e e e
e z : TR s Sanmsaans
: = T : ma s : T - s am s
l840r > . . ‘ o m - = - :5 - -
ae: h, Tt is=sisais B
¥ : = : : = e ! > Fr =
_E = —=wrs/9/as |

MOISTURE CONTENT - PERCENT OF DRY WEIGHT
9 & a lo n 12

Laboratory Compaction Report (03-22-4165)
Figure D-3 (Metric)
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MATT MENU SELECTION -2 Louisiana Department of Transportation and Development DOTD 03-22.0745
: AGGREGATE TEST REPORT %gnsm
Project No. 1919191 -19191- 10101919 | Material Code “ho1& LabNo. Le&Eu-191919191919)
Date Sampled /=17 1Ri~17 17| Submitted By Q21719 Quantity L 1 1 | 1|
Purp Code Z Source Code (4141919 Spec Code PO.No. Ll Lt 1 1 1]
DateTested Lt 1"l | 1=} | ligept LIt L L 1) plantCode LL—L LI FrictRating i (1-4)
emNo. DO/ | 1114111 DateRecdaaty 42/%/97 Sampled By: __S.C,
Remarks1 L—t L L 8t 1 L & 4 {0 44 bbb
NS VO SN Y (NS RN N OOV AT SN EE NN TN N AN OO NN NN NUUON NN AOUUUN MOUNNE WO VUUNN WENNN DNUNE MEEN
TestedBy ___P. B. Date _I2/,9/97 CheckedBy __ G. G, Date /2//8/497
DOTD TR 102, 112, 113 & 309 DOTD TR 428
Unit _ 1= grams 2 =pounds Liquid Limit Plastic Limit
Sieve Mass Retained % I % % || iNo. of Blows [ Mass Cup + Wet Soil,g Lt 19 |
. ass Retained| Coarser |Passing || {{Mass Cup + WetSolg |t 191 ) MassCup + DrySoig L1 1® |
63 2112 O T O A | Mass Cup + Dry Sol,g L_| 19] | Mass Water '
Factor Mass Cup, g (L
, I Y O I 1O .
375 1172 Cup No. Mass Dry Soil
318 114 R S W Mass Cup, g L1 1® | % Moi
25.0 1 | S I T | 1 1 ] Mass Dry Soil
19.0 3/4 Lot 4111 % Moisture — Plasticity index
16.0 5/8 Absorption (T84 or T85) el 18
125 1”2 Spec Grav SSD (T84 or T85) [N N I . |
95 Py Spec Grav APP (TR 300) L1®
- Effective Spec Grav (TR 300} Li®i 1
475  No. 4 Opt Moist Content, %(TR 418} -]
[imass Matiin Pan Maximum Density (TR 418) kg/m? (Ib/ft?, |_L_|ﬂ_|_1|§_|__|
“Am Total Lab Comp Method (TR 418) N o T
Cement, % (TR 432 or SPECIFIED) LiSie O
liniti Ory Totatmass 11 1 1 1 4 I‘* Dift: Lime, % (TR 416 or SPECIFIED) [
Unit 1= Other (Additive} Code i1 1 1 % 1 _1®)
t 5 — grams 2 = pounds T —— Clay Lumps, % (TR 119) L@t 1
ieve :
mmium. No. Mass Retained Friable Particles, % (TR 119) it !
s mm' Coarser | Passing Clay Lumps & Friable Particles %(TR118) |__ &1 |
2.36 8 S I Y Y Flat or Elongated Part, %(TR 119) —_l 1@
2.00 10 N T I Y Coal & Lignite, % (TR 119) 1@ 1
118 16 Glassy Particles, % (TR 119) —l 19
- e Iron Ore, % (TR 119) L1®:
600 30 L A B It Wood, % (TR 119 —t® 1
425 40 [ T O Y Y 2 I Total (Clay Lumps, Fri.Part, iron Ore,
300 50 Coal & Lignite, Wood), %(TR 119) 18 |
180 20 Foreign Matter, % (TR 109) et 11
Clam Shell, % (TR 110) I B I
150 100 Soundness, % Loss (T 104) [ Y .|
75 200 Abrasion, % Loss (T 96) Ll 1@t ]
53 270 Colorimetric Test (1 wPass, 2= Fail) (T 21) L
- Asphalt Content, % (TR 307) L 1@
[Mass Matl.in_Pan | Retained Asphait Coating, % (TR 317) —t 1
Decant Loss Percent Crushed (TR 308) L1 1
Retained Marshall Stability (TR 313) —_y
Acc. Total Resistivity (TR 429) [T TS T W S |
Initiat Dry Total Mass [ I I % Diff. pH (TR 430} L 1@ |
y Organic Content, % (TR 413) Lol
lLD'y Mass After Wash Sand Equivalent (YR 120 -
Remarks 2:
S O I T | [N N O Y 1O U T O Y T O )
N T 1SN O I O W Y Y | Approved By: Date:
A | I N U O U OO O T A N |

Aggregate Test Report (03-22-0745)
Figure D-4 (Metric)
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DOTD Designation: TR 418M-98
METRIC VERSION

METHOD E

l. Scope

This method of test is designed to determine the
optimum moisture content of the total material and
maximum dry density of raw soil-aggregate mixtures with
5% aggregate or more by dry mass retained on the 4.75
mm sieve when compacted in the laboratory in accordance
with this procedure.

Note E-1: It is permissible to determine moisture-density
relationships of field conditioned material in
accordance with the applicable method of
DOTD TR 415.

Il. Apparatus

A. Mold

1. A cylindrical metal mold, having a capacity of
0.002832 m®, manufactured with an internal
diameter of 152.46+£0.66 mm and a height of
154.90+£0.41 mm, and with a detachable collar
approximately 90 mm in height, which can be
fastened firmly to a base plate.

2. Molds shall be replaced if any diameter is more
than 153.39 mm or the height is less than
152.40 mm at any point.

Note E-2: Different makes of compactive devices may
use mold base plates of different designs.
The mold base plate must be compatible with
the make of compactive device used.

B. Compactive Device
1. Automatic Rammer
a. A 4.536x0.045 kg rammer, with a striking
face that is a 2026.83 mm?* sector face for
use with a 152 mm inside diameter mold
and arranged to control the height of drop to
457+2 mm
b. A 2.495+0.023 kg rammer, with a striking

face that is a 2026.83 mm? sector face for
use with a 1562 mm inside diameter mold,
and arranged to control the height of drop to
305+2 mm
2. Manual Rammer .

a. A 4.536+0.045 kg rammer, with a circular
striking face with a diameter of 50.80+0.25
mm and arranged to control the height of
drop to 457 +£2 mm

Rerx

r

b. A 2.495+0.023 kg rammer, with a circular
striking face with a diameter of 50.80+0.25
mm and arranged to control the height of drop
to 305+2 mm

Compaction block - a stable block or pedestal

composed of portland cement concrete and with a

mass of 90 kg.

Straightedge - steel straightedge, approximately 300

mm in length.

Scale - a scale of 10 kg or more capacity sensitive

to 5 grams or less.

Sieves - a set of the following sieves conforming to

the requirements of the Standard Specification for

Wire Cloth Sieves for Testing Purposes (AASHTO

Designation: M 92).

1. 256 mm

2. 19 mm

3. 125 mm

4. 4.75 mm

5. 2.00 mm

Tools

1. Mixing pans with appropriate covers.

2. Spoons.

3. Pointed trowel.

4. Spatula or large suitable mechanical device for

thoroughly mixing material with water.

5. Large screw driver to remove material from
mold.

6. Finishing tool.

7. Height gauge - dial micrometer incremented in

0.025 mm, accurate to 0.025 mm, mounted on
a stand.
Graduated cylinders - incremented in mL.
Wax paper - for molds without attached base plate.
Engineer's Curve - Alvin 1010-21 or equivalent.
Laboratory Moisture - Density Worksheet, Methods
E & F - DOTD Form No. 03-22-4196. (Figure E-1).
Laboratory Compaction Report - DOTD Form No.
03-22-4165. (Figure E-2)
Soils/Soil-Aggregate Form - DOTD Form No. 03-
22-0723. (Figure E-3)

Note E-3: It is convenient, but not essential, to have a

mechanical device for removing the
compacted material from the mold. Such a
devicé may consist of a closed, cylindrical
sleeve slightly less than 152 mm in diameter
or a piston of the same diameter, actuated
mechanically, hydraulically or by air pressure.



lil. Test Sample

Obt

ain a representative sample of material with a

mass of 82 kg (6 full sample sacks).

IV. Procedure

A. Preparation

1.

Note E-4:

Prepare the total sample in accordance with
DOTD TR 411, using the 25 mm, 19 mm, 12.5
mm, 4.75 mm, and 2.00 mm sieves.

If a gradation has been performed previously
on this material, this gradation may be used
in lieu of Step IV.A.1.

Retain the separated material in separate
containers.

Determine the mass of each fraction. Record
the mass of material retained on the 25 mm
screen as A on the worksheet. Record the mass
of the fractions retained on the 19 mm, 12.56
mm, 4.75 mm, and 2.00 mm sieves as B,,
corresponding to the appropriate sieve size.
Record the material passing the 2.00 mm sieve
as D.

Prepare a minimum of five 7 kg composited
representative portions, with the same
proportions of each size fraction as the original
sample, except that for each representative
portion remove the material retained on the 25
mm sieve and replace it with an equal mass of
material based on the prorated percentages
retained on the 19 mm, 12.5 mm, 4.75 mm and
2.00 mm sieves. Mix each representative
portion thoroughly. (Refer to Step V.A for
example.)

B. Testing

1.

Note E-5:

Add a quantity of water measured in mL to
make the 7 kg representative portion to be used
for the first point slightly damp. Mix thoroughly.
Record the quantity of water added as N for the
first point on the worksheet.

Check the mixture by squeezing the fine
portion in the palm of the hand. If the
mixture is the correct moisture content, it will
form a cake which will bear very careful
bandling without breaking.

Add and thoroughly mix a quantity of water,
measured in mL, to each remaining 7 kg
representative portion to increase the moisture
content of each portion by 2% more than the
moisture content of the previous portion. The
2% increment may be adjusted if necessary for
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some materials. (Refer to Step V.B) Record the

quantity added to each representative portion as

N on the worksheet.

Cover the representative portions and protect

them so that the moisture content remains

constant, then allow them to slake for a minimum
of 30 min.

Compact the test specimens using an approved

rammer.

a. If mold requires an attachable base plate,
attach base plate. Determine the mass of the
mold and base plate and record as P on the
worksheet,

b. When using a mold without an attachable base
plate, place wax paper on the compactor
base. Determine the mass of mold and record
the mass as P on the worksheet. Place the
mold over the wax paper and secure the mold
to the compactor base.

. Attach collar to mold.

. Uncover a representative portion and remix.

e. Place a quantity of this material into the mold
in an even layer that will yield approximately
1/3 the volume of the mold after compaction.
Recover the representative portion.

f. Use a pointed trowel to rearrange particles,
filling voids in the loose material without
compacting the material.

g. Rest the rammer on top of the layer to be
compacted. Compact the layer using 28 blows
with the 4.536 kg rammer or 75 blows with
the 2.495 kg rammer.

h. Note height of compacted material. If
compacted layer is not 1/3 the height of the
mold, correct for any deviation by adjusting
the quantity of material used for the
subsequent layer.

i. Repeat Steps IV.B.4.d-h for two more layers.

j. After the. third layer has been compacted,
remove the mold, base plate, (if applicable)
and compacted specimen from the automatic
rammer and place in a pan.

k. Tap the collar with the straightedge to
loosen material bond and remove the collar
from the mold, without twisting or causing
shear stress to the molded specimen.

I. Note the height of the compacted test
specimen.

(1) If the compacted material is more than 15
mm above the height of the moid or more
than 10 mm below the rim of the mold,
remove all material from the mold, remix it
with the original representative portion and
repeat the test.

Qo
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(2) If the compacted material is above the

top of the mold, but not more than 15

mm above, proceed as follows:
Keeping the mold, base plate (if
applicable), and specimen in the
pan, trim the specimen even with
the top of the mold, using the steel
straightedge. Fill any depressions
with the fine, trimmed material,
smoothing each area with the
straightedge after it is filled. Do
not attempt to replace aggregates
that have been dislodged.

{3) If the compacted material is below the

top of the rim of the mold, but less

than 10 mm below, proceed as follows:

(a) Place the finishing tool on the
compacted surface and rotate it
while tapping very lightly to smooth
and level the surface. Do not
impart additional compactive effort
to the specimen.

{b) Determine the height of the
specimen by measuring to the
nearest 1 mm at three locations
spaced equally around the
circumference, and averaging.

{c) Calculate the volume of the
specimen in accordance with Step
V.C and record as R on the
worksheet.

Brush material from all outside surfaces of
mold and exposed edges of base plate or
wax paper.

Remove wax paper (if applicable) and
brush fines from wax paper onto top of test
specimen. Take care not to lose any fines
from test specimen.

Determine the mass of the mold, base plate
(if applicable), and compacted test
specimen and record as O on the
worksheet.

Remove the base plate, (if applicable).
Remove test specimen from mold and
determine moisture content by breaking up
and drying the entire test specimen in
accordance with DOTD TR 403, Method B.
Repeat Steps IV.B.4.a-p for each 7 kg
representative portion, cleaning the mold
between each test specimen. Continue
repeating the procedure until there is a
substantial decrease in the wet mass of the
compacted material or the material
becomes too wet to compact.

V. Calculations

A. Calculate the plus 25 mm replacement, the
prorated mass retained, the percent retained,
and the adjusted mass as shown on the
worksheet. Calculate the accumulated mass in
accordance with DOTD TR 113. Record these
values where indicated.

B. Calculate the quantity of water to be added to
each representative portion (N,,) in mL to yield a
moisture content incremented by 2 percent
above that of the previous representative portion
by using the following formula.

N,=N,, + 136
where:
Npg = volume of water added to the previous
representative portion, mL
136 = a constant representing the
approximate volume of water required
for a 2% moisture content for a 7 kg
representative portion, mL
example:
Np.y = 401 mL
N, = 401 + 136
N, = 637

Note E-6: 1 g of water = 1 cc of water = 1 mL of water

C. Calculate the volume of the test specimen (R) in
m? by using the following formula.

where:

R=-—"_ x 001858
1000

average height of test specimen, mm

h =
0.01824 = constant equal to the volume of a

1000

example:

h

152.4 mm diameter mold, per m®
= constant to convert mm to m

= 1556 mm

R . 155
1000

x 0.01858

= 0.00287990
R = 0.002880



Calculate wet mass of compacted material in mold
(Q) for each representative portion by using the
following formula and record on the worksheet.

Q-=0-P

where:

O
n

mass of mold, base plate (if used), and
compacted wet material, g
P = mass of mold and base plate (if used), g

example:
O = 12134 g
P = 6387¢g

Q = 12134 - 6387
Q = 5747
Calculate wet density (WWD) in kg/m3 for each

representative portion using the following formula
and record on the worksheet.

N N
1000 x R
where:
Q = wet mass of compacted material, g
R = (0.002832) a constant representing the
volume of the mold or the voilume of the
specimen (if applicable), as calculated in
Step V.C, m?3
example:
Q =5747g
R = 0.002832 m®
5747
1000 x 0.002832
WWD = 2029

Calculate the mass of water (WW) and the mass of
dry material (DW), using the formulas shown on the
worksheet and record.

. Calculate the moisture content (MC) in percent for
each representative portion as shown on the
worksheet and record.

. Calculate the dry density (DWD) in kg/m?® for each
representative portion using the following formula.
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= ....(____.___. vy “D) x 100
100 + (MC)
where:
WWD = wet mass density, kg/m3
MC = moisture content, %
100 = constant
example:
WWD = 2029 kg/m®
MC =59%
pwD = —292% _ 100
100 + 5.9
_ 2029 % 100
105.9

=19.1695 x 100
DWD = 1916

Beginning with the lowest moisture content, plot a
point on the Laboratory Compaction Report,
representing the intersection of a horizontal line
projected from the wet density and a vertical line
projected from the moisture content. Continue for
each moisture content until all points for wet
densities have been plotted. Repeat the process for
each moisture content, substituting dry densities for
wet densities.

Form a smooth line using the engineer's curve by
connecting the plotted points to form two curves,
Wet Density Vs. Moisture Content and Dry Density
Vs. Moisture Content. (Refer to the Laboratory
Compaction Report.)

Note E-7: If after the results have been plotted, there is

not a minimum of three points on the dry side
and two points on the wet side of optimum,
additional testing must be performed until this
minimum is met. If a smooth curve cannot be
drawn, additional testing may be required.

K. Determine the Optimum Moisture Content (%) of the

total material, which is the moisture content
corresponding to the peak of the dry density curve.
Determine the maximum Dry Density of the total
material, which is the density corresponding to the
peak of the Dry Density Curve.
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VI. Report o 4.  Group Index.
5 Classification.

A. Report the Maximum Dry Density and the

Optimum. Moisture Content on the Laboratory  noge £-8: For sand clay gravel or other materials
Compaction Report and on the Soils/Soil- accepted by gradation determined in

3
Aggregate Form to the nearest 5 kg/m™ and 0.1 accordance with DOTD TR 112 and DOTD TR
percent, respectively.

B. From DOTD TR 407 and DOTD TR 423, report 113, the report of soil group index and
the following on the Laboratory Compaction classification will not be required.
Report and on the Soils/Soil-Aggregate Form.
1. Grain Size Distribution. VII. Normal Test Reporting Time

2. Atterberg Limits.
3. Soil Group. Normal test reporting time is 3 days.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 03-22-4196
Metric
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4/98
DOTD TR 418 - Methods®& F
(Metric)
proJECTNO:  _949- §9- 9999 pate: _/ 2/97 LABNO: <12-99999 9
*TYPE ADDITIVE: TYPE SOIL: C\Y N SAMPLENO: 5-—&
TEsTEDBY: __ K. B. CHECKED BY: (3.L., 9-
! +25.0 mm Prorated Adjusted Wi, g Accumulated
SIEVE Id ined, Replacement W Ret, g (Ib) (G x 7000) + 100 W.g
By{1 - (AC)} F
25.0 mm A - } i
womm || 8 4429 291
12,5 mm B, M " L? L %
arsm || & — 22 || 1, 24
2.00 mm = II Qﬁ 27
Subtotal c{_éﬁ,s‘ — 2.395 b e s
-2.00 mm o 7&5‘7
Total E C+D Qq_gé

*MAX. DRY DENSITY OF MATERIAL (— TR418-E, ___ TR 415.A), kg/m® H B

*REQUIRED % BY VOL. OF ADDITIVE (e TR432-A, ____ TR432-B, __TR416, ____ specified) !

*% WT. OF ADDITIVE ( chart, formula) J
DORY WT. OF MATERIAL (Representative Portion), g K
*WT. OF ADDITIVE TO BE ADDED, g L (9% K) + 100

*TOTAL DRY WT. OF MATERIAL AND ADDITIVE, g M KoL

* FOR USE WITH DOTD TR 418, METHOD F ONLY.

CURVE POINT NO. e 4 5 s
WATER ADDED, mL N &73 ég? Q44
WT. MOLD. BASE (if applicable) & WET MATERIAL, ¢ o | /RSP | /2. 5730
WT. MOLD & BASE (f appiicable), g P 632716357
WT. WET COMPACTED MATERIAL, g Q | o045 |t 57
VOLUME OF MOLD (ot specimen), m® R &

WT. OF PAN & DRY MATERIAL, g s 7893\ 7947
WT. OF PAN, g T ELVARK-x-)d
WT. OF DRY MATERIAL, g W | 548 FO1S54T3
WT. OF WATER, g ww | £25°| &98
WET DENSITY, kg/rr? WD TR Fod9 | KLo098 la158 2091 172
MOISTURE CONTENT, % MC | wiDw) x 100 59 77 19,4 |12 .9
DRY DENSITY, kgim? | owo Tﬁ% * 100

19/¢ 11942119941 /970 /1925

REMARKS:

Laboratory Moisture - Density Relationship (03-22-4196)
Figure E-1 (Metric)
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LAB COMPACTION REPORT - DOTD TR 418 METHOD £

DOTD 03-22-4165

Metric / English
, Rev. 3/98
Project No. 999-99-p099 _station S.No. 2 _LabNo. 22-299999
— . — ma T
COMPACTION REPORT S :
| GRAIN SIZE = ; :
% Ret. 25.0 mm (1) t SrusceTaes
% Ret. 13.0 mm (3/4) 1
% Ret. 12.5 mm (1/2) WET DENSITY | e
% Ret. 4.75 ym (4) &5 = h..H +HH v::ﬁ
% Ret. 2,00 um (10) __7.3 : o
% Ret. 425 pm (40) __ 1} ‘ . et
% Ret. 75 ym  {200) ~_ 10 - H .
% Silt 3 : H
% Clay & Colloids T f H
% Pass 2.00 ym (10) H
% Pass 4.75 ym (40) &5 : :
% Pass 75 um (200) - = .
% Sand {Tot. Material) == +H
% Unadjusted Silt . = : ~
% Unadjusted Sand = 1 e beles £
2280 |% unadiusted Ciay S=n R
|ATTERBERG LIMITS :
gnqp |Uaudumt 4o : 2 I
Plastic Limit 15 t SEaas:
Plasticity Index 2.5 ) == Ff.:*‘l
- 1Soil Group A-__ & : : Fr=ers
2200 Group Index __ 0 S iaas 5t
Classification _Gryay, 4[9\'1 o ina: ; i
Loam =, : & S
Z¥eO | \pomve, % = : : FHE
MAX. DENS. kg/m® {Ib/#t®) 10 = e
OPT. MOISTURE, % . = 5 SR
2120 | HE
2080 yi ; 7
2040 EEE ‘ , e
e = q::‘%
2000 et SERE
: I ST oI
10 e i ; EEEEE e g
' . T o =] DRY DENSITY _ | &
: i ey T ’a SEEEESiEERELEa ciseat :
1880 s e e e T ERIEE
THIS CURVE MAY BE USED s : : : ZEREeas |
FOR SOILS REPRESENTED pErr= : o i :
1840 |BY SAMPLES: ST S = : : :
: - : = x = T Sae : E
A - - —+ 1‘- : e v : .ﬁ:::
S DATE: S/12/98

5E 6 1T & 19

MOISTURE CONTENT - PERCENT OF DRY WEIGHT

1o

n 12

~ Laboratory Compaction Report (03-2

Figure E-2 (Metric)

2-4165)




DOTD TR 418M-98
Rev. 8/98

Page 41 of 72
Method E

Metric

* MATT MENU SELECTION - 14

‘ . SOILS/SOIL-AGGREGATE
. Metric / English (M| (M or £ - Located on MATT Menu)

Louisiana Department of Transportation and Development

DOTD 03-22-0723
Rev, 5/98

ProjectNo.  [919191-19191-10101919|  Material Code [$4015] Lab. No. 44 "191919191919)
Date Sampled |/l "140] "9 17 Submitted By L 1 I | | Quantity L_L 1 | 11|
Purp.Code |7 PitNo. L1 | I J Spec Code 12! '
Date Tested . [/[lell “lA17]-1917 ldent. Sl=1d [ 1 | Parish No. L_{ ]
FromStation L L | | [+ 1 1 1. ToStation L1 I | J+LL1 1 Location (1t 1 t 3 1 11 0 111
~ Hole No. Depth, miftt LL 1ot t 1 L1 t® | | Log Distance, kmimi L1 1®] | | |
Item No. Rieidt( -3 = T I Sampled by:
"Remarks 1 . =L 1L 0.0 01 ¢ 10 P yp b g bttt
1N O T T N Y T Y Y I O I Y O S O
Hydrometer Analysis (DOTD TR 407) |{Graduste No.____ | Dry Mass of Sample (W), g (1=50.0, 2=100.0} ___
(T} {h} © Corrected % Finer Effect. Grain Size
Time Elapsed Temp*C Hydro Reading Correction Reading H
Time | {0.6* incr {0.5i ts) | (0.6 increments) | H =h-C LR~ AL b=k J;
60 Minutes Ll tef | Ll ted t [ L
120Minutes | ) | je) | (Y| et I
Size Mass Ratained (Wx) % (DOTD TR 407)
Mass Cup + Soil, g  LLl_181 1 Gram % Ret. 25.0mm (1) __
Cup No. T otal Mass % Ret. 19.0mm(3/4) __
Mass Cup, g L _let '8 L 9% Ret. 12.5 mm (1/2)
Mass Soil, g 25.0 mm (1) RN % Ret. 4.75 um (4)
19.0mm (3/4) L1t 1 1| % Ret. 2.00 um (10)
12.5mm (1/2) % Ret. 425 um (40) .
Mass Cup + Soil, g Loy . AL % Ret. 75 um (200} _ IO
Cup No. 4.76pm (4)  LLLLJ) 9% Silt
Mass Cup, g (| 200um (10} L L L1t % Clay & Colloids 3
Mass Soil, g 425 uym (40) % Pass 2.00 um (#10)
75 um {200) % Pass 4.75 um (40)
BETAINED ON 75 1 (200} 9% Silt % Pass 75 um (200) -
Mass Cup + Soil, g Ll gey | % Clay & Colloids % Sand (Tot. Material)
Cup No 4.75 % Unadjusted Siit
Mass Cup, g i le ) Pass 4.76 um (#4) % Unadjusted Sand
Mass Soil, g Pass 2.00 um (#10) % Unadjusted Clay
LIQUID LIMIT % Organic Matter (TR 413) (-
No. Blows LLJ quund Llﬂ'llt (TR 428)
Mass Cup + Wet Soil, g L1 _le| | Plasticity index (TR 428) £
Mass Cup + Dry Soil, g L _1°®1 | Natural Moisture Content, %(TR 403) L_.Lﬂ.l.;l_?l
Mass Water, g ——— || Optimum Maisture Content, % (TR 418) i1
Zimi:o‘- Maximum Density, kg/m” {ib/ft”) (TR 418 L&lofL 101 |
Ma';s 'C;.np, s i l®l ] Laboratory Compaction Method (TR 418) LE|
Mass Dry Soil, g % Cement (TR 432 or Plans) T
% Moisture % Lime (TR 416] el
BLASTIC LIMIT o Py Ash : LA
Mass Cup + Wet Soil, g . %'Other {Additive) Material Code L1 1 | Percent L. 1 1 J
Mass Cup + Dry Soil, g LI le| | | Soil Group a423 =la (10) —
Mass Water, g Classification (TR 423) oy L .
Cup No. pH (TR 430) Y
Mass Cup, g Lol | | pesistivity, ohm-cm (TR 429) 1
';2’:: Dry Sail, g Classification Prefix (TR 423)  (GwSiicsous Aggr. N=Non-Sliceous S=She ||
aisture (Required only if +2.00 mm iNo. 10, g material sguais or exceeds 5%)
Remarks2 ~LL L L L L 1 1 0 b0 14 L0414 1111 b1)])
L Lt ettt ettt ettt bt
Tested By: AL.H. Checked By: G.C. APPROVED BY:
Date: Date: /s DATE:

Soils/Soil-Aggregate Worksheet (03-22-0723)

Figure E-3 (Metric)
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DOTD Designation: TR 418M-98
METRIC VERSION
METHOD F
l. Scope C. Personal protective equipment
. 1. Respirator.
This method of test is designed to determine the 2. Gloves.
optimum moisture content and maximum dry density of soil 3. Apron.
cement, lime treated or conditioned soil cement, or cement 4. Goggles.
treated or lime treated soil-aggregate mixtures, all D. Laboratory Moisture - Density Worksheet,
containing 5% or more aggregate by dry mass retained on Methods E & F - DOTD Form No. 03-22-4196.
a 4.75 mm sieve, when the material is compacted in the (Figure F-1)
laboratory in accordance with this procedure. When these E. Additive Conversion Chart. (Figu're F-2)
materials contain less than 5% aggregate by dry mass F. Laboratory Compaction Report - DOTD Form
retained on the 4.756 mm sieve, refer to Method B. No. 03-22-4165. (Figure F-3)
. . G. Soils/Soil-Aggregate Form - DOTD Form No.
Note F-1: It is permissible to determine moisture-density 03-22-0723. (Figure F-4)
relationships of field conditioned material in
accordance with the applicable method of Ill. Test Sample

DOTD TR 415. For field conditioned material
which requires the addition of additives, TR
415 Method B can be used in the laboratory to
determine moisture-density relationships of the
material and additive combination only if the
required amount of additive is known;
however, for field conditioned material brought
into the laboratory for the purpose of
determining the required amount of additive, it
is not permissible to use Method B of TR 415.

Note F-2: It is not permissible to use DOTD TR 415,
Method A when the sample contains
aggregate other than siliceous gravel.

Il. Apparatus

A. Same as DOTD TR 418, Method E.
B. Cement or lime.

Note F-3: Cement shall meet DOTD specifications for
Type IB. For Type IB cement, a unit. mass of
1500 kg/m® shall be used.

When Type Il or Type IP cement is used on the
project, it shall be used in lieu of Type IB to
determine the report values for this method of
test. Type /l and Type IP cement shall meet
DOTD specifications. For Type IP cement a
unit mass of 1440 kg/m® shall be used. For
Type Il cement, a unit mass of 1500 kg/m’
shall be used.

Lime shall meet DOTD specifications for
hydrated lime. A unit mass of 560 kg/m?® shall
be used.

Same as DOTD TR 418, Method E.

IV. Health Precautions

Care must be taken not to allow cement or lime
to contact skin or to inhale reaction fumes.

V. Procedure

A. Preparation

1. Determine the maximum dry density of the
soil aggregate mixture using one of the
following methods and record as H on the
worksheet.

a. DOTD TR 418, Method E.

b. DOTD TR 415, Method A, if percent
siliceous aggregate is within allowable
range of 5 - 60 percent.

2. Determine the percent by volume of
cement in accordance with DOTD TR 432
or the percent of lime in accordance
with DOTD TR 416 or use the percent
specified. Record as | on the worksheet.

3. Convert percent by volume to percent by
mass and record as J on the worksheet.
(Refer to Step VI.A or B for mass-volume
conversion calculations).

4. Prepare a minimum of five additional 7 kg
composited representative portions, as
described in Method E, Step IV.A.1-4.

Note F-4: If DOTD TR 418, Method E was used to

determine the maximum dry density of
the soil-aggregate mixture, values for
accumulated mass determined in DOTD TR
418, Method E are to be used to prepare
the five additional representative portions.



B. Testing

1.

Calculate the mass of additive to be added to
the representative portions in accordance with
Step VI.C and record as L on the worksheet.
Add the required mass of the additive
determined in Step V.B.1 to each composited
representative portion.

Add a sufficient quantity of water, measured in
mL, to make the 7 kg representative portion to
be used for the first point slightly damp. Mix
thoroughly. Record the quantity of water
added as N for the first point on the
worksheet.

Note F-5: Check the mixture by squeezing the fine

portion in the palm of the hand. If the
mixture is the correct moisture content, it will
form a cake which will bear very careful
handling without breakihg.

4, Add and thoroughly mix a quantity of water,

measured in mL, to each remaining 7 kg

representative portion to increase the moisture

content of each representative portion by 2%

more than the moisture content of the previous

portion. The 2% increment may be adjusted if
necessary for some materials. (Refer to Step

VI.D) Record the quantity of water added to

each representative portion as N on the

worksheet.

Cover the representative portions to which

water and additive have been added and allow

them to stand for a minimum of 30minutes,
then remix.

Cover the representative portions again and

protect them so that the moisture content

remains constant, then allow them to slake as
follows.

a. Soil-aggregate mixed with cement: The
combined standing and slaking time, plus
the compaction time in the laboratory shall
approximate the moist mixing time, plus
“the compaction time in the field. This time
shall be a minimum of 60 min and a
maximum of 90 min.

b. Soil-aggregate mixed with lime: The
combined standing and slaking time plus
compaction time in the laboratory shall
approximate the moist mixing time and
meliowing time in the field, but shall not
be less than 15 hours.

¢.  When lime conditioned soil is to be cement
treated or stabilized, mix the soil with the

DOTD TR 418M-98
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lime and allow it to slake in accordance
with Step V.B.6.b. Then add the
required mass of cement (determined in
accordance with Step V.B.1) to the
soil-aggregate-lime mixture. Then
repeat Steps V.B.3-6.a.

Note F-6: When during a project, the soil-aggregate

mixture has been lime treated or conditioned
in accordance with Section 304 of the
specifications prior to sampling for cement
treatment or stabilization, it shall be slaked in
accordance with Step V.B.6.a.

7. Compact the test specimen in accordance
with Method E, Step IV.B.4.

Calculations

A. Determine percent of additive by mass by

using the Additive Conversion Chart (Figure F-
2). This chart may be used for Type IB
portland cement and hydrated lime.

1. Enter the chart on the left scale. Reading
vertically, place a point at the appropriate
maximum dry density of the soil-aggregate
mixture obtained in Step V.A.1.

2. Reenter the chart on the right scale. -
Reading vertically, place a point at the
design percent by volume of additive.

3. Draw a straight line across the chart
connecting the two points plotted in Steps
1 and 2.

4. Read the percent by mass directly from

the additive scale on the chart at the point

where the line drawn in Step 3 intersects
the scale for the additive being used.

Record this value as J on the worksheet.

Example: (Figure F-2)

o

a. Type IB Cement

H = 2010 kg/m®
I = 8% Type IB cement by volume
(1) Follow the left scale to the point

represented by 2010 kg/m® .

(2) Follow the right scale to the
point represented by 8% by
volume.

(3) Draw a straight line across the
scale, connecting the two
points.

{4} The percent cement by mass,
read directly from the middle
scale is 6.3%.
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b. Lime
H = 2010 kg/m®
I = 6% hydrated lime, by volume
(1) Follow the left scale to the point
represented by 2010 kg/mS.
(2) Follow the right scale to the point
represented by 6% by volume.
(3) Draw a straight line across the scale,
connecting the two points.
(4) The percent lime by mass, read
directly from the middle scale is 1.7%.
B. In lieu of the charts or if values are not covered by

the charts, determine the percent by mass of additive
{J) using the following formula.

- __(Ui/100) % 100

where:

J
H - (UI/100)
N N
(H/Ul) - 0.01
H = max. dry density of the soil-aggr. kg/m3
I = % by volume of additive
U = unit mass of additive, kg/m3
100 = constant
0.01 = constant

example: (Type IP Cement)

H = 2080 kg/m®
| = 8%

U = 1440 kg/m®
J - !

[2080/(1440 x 8)] - 0.01

1
" [0.1805] - 0.01

1
0.1705

J =59

Note F-7: To achieve required accuracy after rounding,

carry to four decimal places, as shown.

C. Calculate the mass of additive (L) in grams to be

incorporated into the representative portion of soil
using the following formula and record on the
worksheet.

L = J x K
100
where:
J = % by mass of additive {(from chart or
formula)
K = dry mass of representative portion, g
100 = constant
example:
J =1.7%
K =7000g
L = 1.7 x 7000
100
_ 11900
100
L=119

D. Calculate the quantity of water to be added
to each representative portion (N,) in mL to
yield a moisture content incremented by 2
percent above that of the previous
representative portion by using the following

formula.
N, =N, +(0.02 x M)
where:
N,.1 = volume of water added to the previous

representative portion, mL

M = ‘total mass of material & additive, g
0.02 = decimal equivalent for a 2% increment
of moisture
example:
Nn1 = 286 mL

M =7119¢g

N, =286 + (0.02 x 7119)

= 286 + 142.38
N, = 428

Note F-8: 1 g of water = 1 cc of water = 1 mL of water.



E.

Perform all calculation steps for the material in
accordance with Method E, Step V.C- L.

V. Report

A.

Report the Maximum Dry Density and the
Optimum Moisture  Content on the
Laboratory Compaction Report and on the
Soils/Soil-Aggregate Form to the nearest 5
kg/m3 and 0.1 percent, respectively.

For sand clay grave! or other materials accepted
by gradation determined in accordance with
DOTD TR 112 and DOTD TR 113, the report of
soil group index and classification will not be
required.

From DOTD TR 407 and DOTD TR 423, report
on the Laboratory Compaction Report and on
the Soils/Soil-Aggregate Form,

1. Grain Size Distribution,

2. Atterberg Limits.

DOTD TR 418M-98
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3. Soil Group.
4. Group Index.
5. Classification.

Report the type and percent by volume of
additive to the nearest 0.1 percent for cement
and to the nearest percent for lime on the
Laboratory Compaction Report and on the
Soils/Soil-Aggregate Form.

VIIl. Normal Test Reporting Time

Normal test reporting time is 6 days.

Note F-9: When percent cement is to be determined by

DOTD TR 432, Method B or the percent lime by
DOTD TR 416, normal test reporting time will
be 3 weeks or 2 weeks, respectively.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 03-22-4196
Metric
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4/98
DOTD TR 418 - Methods E
(Metric)
PROJECTNO:  999-89- 0099 pate: _£2/1 /97 LAB NO: A~ 999 99F

*TYPE ADDITIVE: H;dm-l'e.d Lime.  Tvee soi-SRY Sy SAMPLENO:__S—-c2.,
TESTED BY: CHECKEDBY: &. (.. g
bl Prorated % Retained Adjusted WL, g Accumulated

SIEVE bl WL Ret, g (Ib) (F/E) x 100 (G x 7000) + 100 w.g

25.0 mm

19.0 mm 4{4 %q

12,5 mm |34t — 944

e D 22— — /z3

2.00 mm 8, " /g Vil

Subtotal c
~2.00 mm D

Total E C+D

*MAX. DRY DENSITY OF MATERIAL (___ TR 418-E, ___ TR 415-A), kg/m®
*REQUIRED % BY VOL. OF ADDITIVE (___ TR432-A, ____ TR432-B, ____ TR 416, ___ spacified)
*% WT. OF ADDITIVE (____ chant, formula)

DRY WT. OF MATERIAL (Representative Portion), g

*WT. OF ADDITIVE TO BE ADDED. []

*TOTAL DRY WT. OF MATERIAL AND ADDITIVE, g

* FOR USE WITH DOTD TR 418, METHOD F ONLY.

"l curve poinT No. -~ 5 s
WATER ADDED, mL N | seeCalculations | g5
WT. MOLD, BASE (if ) & WET MATERIAL, g o] A28 /0
WT. MOLD & BASE (if 9 p [7%-L 2y 4
WT. WET COMPACTED MATERIAL, g Q &/A.3
VOLUME OF MOLD (or specimen), R
WT. OF PAN & DRY MATERIL, 9 S Foyrs~
WT. OF PAN, g T 2 L8
WT. OF DRY MATERIAL, g ow s-T L4432 |85557|5635 | 55945507

|l oF watER o wwW Q-pwW &ﬁé 55,2 |\ &l
WET DENSITY kg/m® wWo ﬁ”_" o) | R074| w2135\ RIGT7 | RlsR
MOISTURE CONTENT, % Mc | owow) x 100 4: 2 52 | 7.5 |ag ey
DRY DENSITY, kg/m® owo WW%E * 100

1940 1962 | 198G |1 F T2 154

REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4196)
' Figure F-1 (Metric)
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ADDITIVE ADDITIVE
PERCENT . PERCENT
BY MASS BY VOLUME
MAXIMUM
DRY DENSITY 2 18
95 20 (b4
19
1550 5 '8 16
17
1600 —4= 100 ‘18 3
8 15 4
1650 14
105 13 '3
1700 . 12 2
"
1
780 Ho T
10 =
1800 2
o ¥ 10
[- 4
w q1g50—f S 3 u
= - o
s W 6.3% Cement Additive a o
1900 = by Weight Z
> 120 © i
© 1950 3 - s
> 2000 125 — ————"7 a
—
S—
2050 - 7
\\
{30 ~—
2100
—
2190 138 1.7% Lime Additive - T~
Weight —— 1,
2200 by Weigh s 4
2250 = 140
2300 ]
145
1.1 3
NOTE: This chart is not suitable for use
when Type IP Portiand-Pozzolan
cemont is being used.
q

ADDITIVE CONVERSION CHART

RELATION IN PERCENT BY MASS OF OVEN-DRY SOIL, SOIL-AGGREGATE,

OR AGGREGATE TO DESIGN PERCENT BY VOLUME

Additive Conversion Chart
Figure F-2 (Metric)
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DOTD 03-22-4165
LAB COMPACTION REPORT - DOTD TR 418 METHOD __ £~ Metric / English
Rev. 3/98
Project No. 999-99- o099 Station Lab No. 22- 79
COMPACTION REPORT ' == :
% Ret. 25.0 mm (1) bt 3 :
% Ret. 19.0 mm (3/4) kb
% Ret. 12.5 mm (1/2) WET DENSITY Eosaatas
% Ret. 4.75 ym (4) o~ r T -
% Ret. 2.00 #um {10) —__ 13 .
% Ret. 425 ym (40) /i = S
% Ret. 75 um  (200) /o =
% Silt KT SH
% Clay & Colloids ; :
% Pass 2.00 um (10) : ! 2
% Pass 4,75 ym (40) o5 : o
% Pass 75 gm (200) &%~ : P Fg
% Sand (Tot. Material) : H
% Unadjusted Silt - i ! o
% Unadjusted Sand 3 -
% Unadjusted Clay B = ;
e
|ATTERBERG LIMITS =t .
Liquid Limit “o 25>
Plastic Limit 19 {x b
Plasticity Index <25 =TT : : ﬁ:H
Soil Group A-__ & 22 o
2'200 Group Index 10 :a- e d::& S
Clgssification . Zoadg 7REATED e
2160 _écgu_é‘_&v.ﬂam SESHEEEE
ADDITIVE, % 3 : i i IR s
MAX. DENS. kg/im® (Ib/ft*]_Z@os = RS S e
OPT.MOISTURE, %  _ S.& e S
2120 b= s S AmwmmaanaL
2080 e
2080 = =
2000 : TTRmeIIe
1960 '
1920
1880 s
THIS CURVE MAY BE USED &= Th
FOR SOILS REPRESENTED k= et
BY SAMPLES: : = 52
e
RO = == : DATE: 5 /a/98
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
T & 1 lo H 12

Laboratory Compaction Report (03-22-4165)

Figure F-3 (Metric)
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MATT MENU SELECTION - 14

Metric / English Ml (Mor £ - Located on MATT Menu)

1999171919 1101019191

Project No.

.Date Sampled L2 1101 “1917}

Louisiana Débartment of Transportation and Development

DOTD 03-22-0723
Rev. 5/98

Lab. No. 4419191919194 1
Quantty LI 1 1.1 ]

SOILS/SOIL-AGGREGATE

Material Code [{AO1&)
Submitted By 0161619

. Purp. Code =] PitNo. LL ! LI Spec Code 131
'Date Tested /I ~12]7| ~1917) ident. [3l=171 1 | | Parish No. L ]
From Station L1 ! J+ L J 1 | To Station (L L | I+ L L 11 location LJ_L.t 1 ¢ bt 4 8 ¢ 0t
" Hole No. Depth, m(f) Lt les L) L.t 1® 1 1 Log Distance, km mi) LL_1oL | I}
ltem No. TR N T OO I Y 0 T IO O O Sampled by: )
Remarks 1 I I O O N N T O T O Y O
I T T I O Y T Y T T I Y ! e
Hydrometer Analysis {DOTD TR 407) | Graduate No. Dry Mass of Sample (W), g (1=50.0, 2=100.0) __
(T} h) () Corrected % Finer Effect. Grain Size
Time Elapsed Temp*C Hydro Reading Correction Reading H
Time | {0.5° 0.5 ir } | 0.5increments) | H=h-C Prw "™ 0=k ‘E
SOMinutes | | | je) | Ll tel § Ll e |
120 Minutes | | | je} | Ll et | Lt Jej |
RETAINED ON 2.00 ym (10} Size Mass Retained (wx) % (DOTD TR 407)
Mass Cup + Soil, g L1l 181 | Gram % Ret. 25.0 mm (1)
Cup No.  otal Mazs % Ret. 19.0mm (341 __ @
Mass Cup, g Litet | '8 Ll % Ret. 12.5 mm (1/2)
Mass Soil, g 25.0 mm (1) Lty % Ret. 4.75 um (4) __ 3
BETAINED ON 425 ym (40) 12.5 mm (1/2) & :et. ;25 pum (gt:&)
Mass Cup + Soil, g Ll L. J®8 . o E— et. 75 ym Y]
Cup No. 4,75 m (4) N O I % Silt K
Mass Cup, g Ll lel ) 2.00 ym (10} T W % Clay & Colloids
Mass Soil, g 425 um (40) N % Pass 2.00 um (#10) '7?
75 m - {200} . % Pass 4.75 um (40)
% Silt % Pass 75 ym (200)
Mass Cup + Soil, g [ X . % Sand (Tot. Material)
Cup No % Clay & Colloids % Unadjusted Silt
Mass Cup, g it | Pass 4.75 um #4) % Unadjusted Sand iz
Mass Soil, g Pass 2.00 um (#10) % Unadjusted Clay
LIQUID LIMIT % Organic Matter (TR 413) i1
No. Blows Liquifi Llfl'llt (TR 428}
Mass Cup + Wet Soil, g ] L lel | Plasticity Index (TR 428) §0
Mass Cup + Dry Soil, g L_l_1®1 | Natural Moisture Content, %(TR 403) 0 O |
Mass Water, g e Optimum Moisture Content, % é‘rn a18) I_18le 157
Ez‘:‘ﬁo Maximum Density, kg/m"° (Ib/ft) (TR 418) P-{l-X-2- |
Mass Cup. g Li(®) | | Laboratory Compaction Method r 41e) LES
Mass Dry Soil, g % Cement (TR 432 or Plans) L L]
% Moisture % Lime (TR 416) -1
PLASTIC LIMIT % Fiy Ash L
dditi ial P t
Mass Cup + Wet Soil, g o %.Othef {Additive) Material Code |11 | ercent L 1 1 1 |
" "L'I—'I—]. Solt Group (TR 423) A-G (i0)
Mass Cup + Dry Soil, g {_|_le| | g ; 0
Mass Water, g Classification (TR 423) | e 9.
Cup No. pH (TR 430) I |
Mass Cup, g L2l | | Resistivity, chm-cm (TR 429) I S T
';za:: .Dry Soil, g Classification Prefix (TR 423)  (G=Siliceous Aggr. N=Non-Siliceous S=Shell) LJ
oisture {Required only if +2.00 mm [No.10, gl materisl equais or exceeds 5%)
Remarks 2 Lll.L t t 1 Vb1 L b0 L1311 141]
| : | I O I O I O O T | A O OO T O TS O I A I Y IOt I §
Tested By: Checked By: APPROVED BY:
Date: Date: DATE:

Soils/Soil-Aggregate Form (03-22-0723)

Figure F-4 (Metric)
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l. Scope

DOTD Designation: TR 418M-98
METRIC VERSION

METHOD G

This method of test is designed to determine the optimum
moisture content and maximum dry density of designated
materials, including stone, crushed slag or recycled portiand
cement concrete, when the material is compacted in the
laboratory in accordance with this procedure.

Il. Apparatus

A. Mold

1.

Note G-1:

A cylindrical metal mold, having a capacity of
0.002124 m®, manufactured with an internal
diameter of 152.46+0.66 mm and a height of
116.43+0.13 mm, and with a detachable
collar approximately 64 mm in height, which
can be fastened firmly to a base plate.

Molds shall be replaced if any diameter is more
than 153.39 mm or the height is less than
115.57 mm at any point.

Different makes of compactive devices may use
mold base plates of different designs. The
mold base plate must be compatible with the
make of compactive device used.

B. Compactive device

1.

Automatic Rammer - a 4.536+0.045 kg
rammer, with a striking face that is a 2026.83
mm? sector face for use with a 152 mm inside
diameter mold and arranged to control the
height of drop to 457 +2 mm

Manual Rammer - a 4.536 +0.045 kg rammer,
with a circular striking face with a diameter of
50.80+0.25 mm and arranged to control the
height of drop to 457 £2 mm

C. Compaction block - a stable block or pedestal
composed of portland cement concrete and with a
mass of 90 kg.

D. Straightedge - steel straightedge, approximately 300
mm in length. :

E. Scale - a scale of 10 kg or more capacity sensitive to
5 grams or less.

F. Sieves - a set of the following sieves conforming to
the requirements of the Standard Specification for
Wire Cloth Sieves for Testing Purposes (AASHTO
Designation: M 92).

1.
2.

25 mm
19 mm

3. 12.5 mm
4, 4.75 mm

G. Tools
1. Mixing pans with appropriate covers.
2. Spoons,
3. Pointed trowel.
4. Spatula or large suitable mechanical device

for thoroughly mixing material with water.
5. Large screwdriver to remove material from
mold.

H. Graduated cylinder - incremented in mL.

I.  Engineer's curves - Alvin 1010-21 or
equivalent.

J.  Wax paper

K. Laboratory Moisture - Density Worksheet,
Method G - DOTD Form No. 03-22-4197.
(Figure G-1)

L. Laboratory Compaction Report - DOTD Form
No. 03-22-4165. (Figure G-2)

M. Aggregate Test Report - DOTD Form No. 03-
22-0745. (Figure G-4)

lll. Test Sample

A. Obtain a representative sample with a mass
of 82 kg (6 full sample sacks).

B. Dry entire sample in accordance with DOTD

TR 411,

IV. Procedure

A.

Note G-2:

Preparation

1. Prepare the total sample in accordance
with DOTD TR 411, using the 25 mm, 19
mm, 12.5 mm, and 4.75 mm sieves.

If a gradation has been performed previously
on this material, this gradation may be used
in lieu of Step IV.A. 1.

2. Retain the separated material in separate
containers.

3. Determine the mass of each fraction.
Record the mass of material retained on
the 25 mm sieve as A on the worksheet.
Record the mass of the fractions retained
on the 19 mm, 12.5 mm and 4.75 mm
sieves as Bj,, corresponding to the



appropriate sieve size. Record the material
passing the 4.75 mm sieve as D.

. Prepare a minimum of five 8 kg composited

representative portions, with the same
proportions of each size fraction as the original
sample, except that for each representative
portion remove the material retained on the 25
mm sieve and replace it with an equal mass of
material based on the prorated percentages
retained on the 19 mm, 12.5 mm and 4.75 mm
sieves. Mix each representative portion
thoroughly. (Refer to Step V.A for example.)

B. Testing

1

. Add a quantity of water, measured in mL, to make

the 8 kg representative portion to be used for the
first point with sufficient water slightly damp. Mix
thoroughly. Record the quantity added as H on
the worksheet.

. Add and thoroughly mix a quantity of water,

measured in mL, to each remaining 8 kg
representative portion to increase the moisture
content of each portion by 2% more than the
moisture content of the previous portion. The 2%
increment may be adjusted, if necessary. (Refer
to Step V.B). Record the quantity added to each
representative portion as H on the worksheet.

. Cover the representative portions and protect

them so that the moisture content remains
constant, then allow them to siake for a minimum
of 30 min.

. Compact the representative portions using an

approved rammer.

a. If mold requires an attachable base plate,
attach base plate. Determine the mass of the
mold and base plate and record as J on the
worksheet.

" b. When using a mold without an attachable base

plate, place wax paper on base. Place mold
over wax paper and attach. Determine the
mass of the mold and base plate and record as
J on the worksheet.

. Attach collar to mold.

. Uncover a representative portion and remix.

e. Place a quantity of this material into the mold
in an even layer that will yield slightly more
than 1/5 the volume of the mold after
compaction. Recover the representative
portion.

f. Use a pointed trowel to rearrange particles,
filling voids in the loose material without
compacting the material.

g. Rest the rammer on top of the layer to be

[o T o]
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compacted. Compact the layer using 56

blows with the rammer.

Note height of compacted material. If

compacted layer is not 1/56 the height of

the mold, correct for any deviation by
adjusting the guantity of material used for
the subsequent layer.

Repeat Steps IV.B.4.d-h for four more

layers.

After the fifth layer has been compacted,

remove the mold, base plate (if applicable),

and compacted specimen from the
automatic rammer and place in a pan.

Tap the collar with the straightedge to

loosen material bond and remove the collar

from the mold, without twisting or causing
shear stress to the molded specimen.

Note the height of the compacted test

specimen.

(1) If the compacted material is greater
than 15 mm above the height of
the mold, remove all material from
the mold, remix it with the original
representative portion and repeat the
test. '

(2) If the compacted material is below
the rim of the mold, remove ali
material from the mold, remix it with
the original representative portion
and repeat the test.

. Keeping the mold, base plate, (if

applicable), and specimen in the pan, trim
the specimen even with the top of the
mold, using the steel straightedge. Fill any
depressions with the fine, trimmed material,
smoothing each area with the straightedge
after it is filled. - Do not attempt to replace

' aggregates that have been dislodged.

Brush material from all outside surfaces of
mold and exposed edges of base plate or
wax paper. .

Remove wax paper (if applicable), and
brush fines from wax paper onto top of test
specimen. Take care not to lose any fines
from test specimen.

Determine the mass of the mold, base plate
(if applicable), and compacted test
specimen and record as | on the worksheet. -
Remove the base plate (if applicable).
Remove test specimen from mold and
determine moisture content by breaking up
and drying the entire test specimen in
accordance with DOTD TR 403, Method B.
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r. Repeat Steps [V.B.4.a-q for each 8 kg
representative portion, cleaning the mold
between each test specimen. Continue
repeating the procedure until there is a
substantial decrease in the wet mass of the
compacted material or the material becomes too
wet to compact.

Calculations

Calculate the plus 25 mm replacement, the prorated
mass retained, the percent retained, and the adjusted
mass as shown on the worksheet. Calculate the
accumulated mass in accordance with DOTD TR 113.
Record these values where indicated.

Calculate the quantity of water to be added to each
representative portion (H,} in mL to vield a moisture
content incremented by 2 percent above that of the
previous representative portion by using the following
formula.

H,=H,_, +163
where:
H,1 = volume of water, mL, added to the
previous representative portion
163 = a constant representing the volume of
water in mL required for a two percent
moisture content for an 8 kg
representative portion
example:

Hy,, = 326 mL

H, = 326 + 163

H, = 489

Note G-3: 1 g of water = 1 cc of water = 1 mL of water.

C.

Calculate wet mass of compacted material in mold (K)
in grams for each representative portion in accordance
with the following formula and record on the
worksheet.

where:
I = mass of mold, base plate (if used),
J = mass of mold and base plate (if
used), g
example:
| = 10225¢g
J = 5765¢g

K = 10225 - 5765
K = 4460

and compacted wet material, g I

Calculate wet density (WWD) in kg/m?® for each
representative portion using the following
formula and record on the worksheet.

wwp = K l
2.124
where: I
K = wet mass of compacted material, g
2.124 = a constant representing 1000 times
the volume of the mold, m® I
example:
K =4460 g l
WWD = 2460
. 2.124 I
= 2099.81
WWD = 2100 l

Calculate the mass of water (WW) in g and the
mass of dry material (DW) in grams, using the
formulas shown on the worksheet and record.
Calculate the moisture content (MC) in percent
for each representative portion as shown on the
worksheet and record.

Calculate the dry density (DWD) in kg/m3 for I
each representative portion using the following
formula. I

D= —WWD)_ 100

100 + (MC) ' I



where: '
WWD = wet density, kg/m3
MC = moisture content, %
example:
WWD = 2100 kg/m®
MC = 40%
pwp = —2190 o 100
100 + 4.0
- 2100 100
104.0
= 20.192 x 100
DWD = 2020

H. Beginning with the lowest moisture content, plot a

point, on the Laboratory Compaction Report,
representing the intersection of a horizontal line
projected from the wet density and a vertical line
projected from the moisture content. Continue for
each moisture content until all points for wet
densities and dry densities have been plotted.
Repeat the process for each moisture content,
substituting dry densities for wet densities.

Form a smooth line, using the engineer's curve by
connecting the plotted points to form two curves,
Wet  Density vs. Moisture Content and Dry
Density vs. Moisture Content. (Refer to the
Laboratory Compaction Report.)
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Note G-4: If after the results have been plotted, there is

not a minimum of three points on the dry side
and two points on the wet side of optimum,
additional testing must be performed until this
minimum is met. If a smooth curve cannot
be drawn, additional testing may be required.

Determine the Optimum Moisture Content
(%) of the total material, which is the
moisture content corresponding to the peak
of the Dry Density curve.

Determine the Maximum Dry Density of the
total material, which is the density
corresponding to the peak of the Dry Density
curve.

VL. Report

A.

Report the Maximum Dry Density and the
Optimum Moisture Content on the Laboratory
Compaction Report and on the Aggregate
Test Report to the nearest 5 kg/m® and 0.1
percent, respectively.

Report the Gradation from DOTD TR 112 and
TR 113 and Atterberg Limits from DOTD TR
428.

VIl. Normal Test Reporting Time

Normal test reporting time is 3 days.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 03-22-4197
Metric
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4/98
DOTD TR 418 - Method G
(Metric) .
PrOJECT NO: _ 999~ §9-999 2 oate: /07—,/& 7,/47 LaB No: _o22- 399999
TYPE ADDITIVE: . TYPE SOIL: L—[mg Ston€ SAMPLE NO: A/S" 3
TEsTED BY: _ (L CHECKED BY: _J. B. W-
b Mass +25.0 mm Prorated % Retained Adjusted Mass, g
SIEVE b Retained, Replacement Mass Ret., g {F/E} x 100 {G x 8000)+100
b 8,/{1 - (A/ICY)
25.0 mm A
19.0 mm
12.5 mm
4,75 um
Subtotal
4.75um || D PRESEIRWINNN
Total

CURVE POINT NO. soe 1 2 3 4 5 6
WATER ADDED, mL H See Calculations
. ¢ 489 ¢ 52 815 | 978
MASS MOLD, BASE (if applicable) & WET MATL., g | 1 o s03¢7 10537 10610 105228
MASS MOLD & BASE (if applicable), g J \5765 576:5’ ﬂ“-ﬂ“- J‘?é:r
MASS WET COMPACTED MATERIAL, g « - d “eo| 4532 774 4549 ;‘74
| MASS OF PAN & DRY MATERIAL, g L &904 590 7072 763 €231
MASS OF PAN, g M G/ 7 \RT¥9| 26 55] £3/.3| L.
MASS OF DRY MATERIAL, g bW L-M 12 27| 4341 44| S4/5D 4422
MASS OF WATER, g ww K - DW ]72 |4 | B31| 395 440|
| - e e
WET DENSITY, kg/m® WWD 5752_4 R2106| 2157 424N AL || X244
MOISTURE CONTENT, % MC | (Ww/DwW) x 100 4 ol Il 75| & 9\ o2
DRY DENSITY, kg/m? WD 76‘3-'-“':—‘:‘-5 * 100
Joo o3 | 2090| Lo951e34

REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4197)
Figure G-1 (Metric)
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' DOTD 03-22-4165

Metric / English

LAB COMPACTION REPORT - DOTD TR 418 METHOD G
- Rev. 3/98

Project No. 799.. 49. g9 Station S.No.£S-3 LabNo. 22- 999
COMPACTION REPORT — = = et RS ;

% Ret. 25.0 mm {1) . s : e :
% Ret. 19.0 mm (3/4) = ' pEa 2o =

% Ret. 12.5 mm (1/2) : ' =1 WET DENSITY
% Ret. 4.75 um (4) B S ey ' . R
% Ret. 2.00 um (10) = : e :
% Ret, 425 um (40) —E HHHE - Rzes
% Ret. 75 4m  (200) = v e sgmmrany; =
% Siit e =
% Clay & Colloids s =+ :
% Pass 2.00 gm (10)
% Pass 4.75 ym (40) s :

% Pass 75 pm (200) H
% Sand (Tot. Material) B IRt Sy e o2 .
% Unadjusted Siit
% Unadjusted Sand
% Unadjusted Clay

IATTERBERG LIMITS
2320 |Liquid Limit
Plastic Limit
Plasticity index
Soil Group  A-
2280 |Group index
Classification

ik

2L

LA

11

suis.

2240 | popiTive, %
MAX. DENS. kg/m® (Ib/ft’)_211S
OPT. MOISTURE, %

Z200 e g

4 y 1
1 +

2160

Z,ZO . : [RYYn pu ven

2080 =

‘Zoqo

t - % B i T s s SR EU B RA R oL SE SR T o

7960 - : ‘ , S a h"‘-"
THIS CURVE MAY BE USED : I e st

FOR SOILS REPRESENTED . : :

BY SAMPLES: = L ST £

1t

» :
T

o : T trt s
T

T

HE ZEEE DATE: S/78 /98
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
X2 4 5 L 1 & 9 lo 1

‘Laboratory Compaction Report (03-22-4165)
Figure G (Metric)
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 MATT MENU SELECTION - 2 Louisiana Department of Transportation and Development DOTD 03-22-0745
AGGREGATE TEST REPORT g:vﬁczlsgngush

Project No. L?-I&I.QI;LQIQ_I:_LQ.QIS_IQJ Material Code 'HQIG1  1abNo. LR2i-191919191919
Date Sampled L—JW Submitted By =l Quantity O R S Y T |
PurpCode 7| Source Code 1A101S1&! Spec Code  LLJ PO.No. Lol L L 111t
DateTested L1 1=l L I=1 | ||gent LekSi=631 | | plantcode Ll L 1 ! FrictRating L) (1-4)
temNo. (D@1[1 | 1 4 1 14 111 DateRecdpan Sampled By: J.[>,

Remarks1 b—Lo—L..t Lt 1} 4 4 1 0 4 41 4 0t L

SRR VUV SO SN SN SN S N [N NN EN TN TN SR NN WOV (U NN SUN NN TN NNEY NN R S R
Tested By D. B, Date 1/7/¢7_ CheckedBy _“T.4.C. Date_{/q /9
DOTD TR 102, 112, 113 & 309 DOTD TR 428
Unlt 1= grams 2= Pouﬂds Liquid Limit Plastic Limit
Sieve Rotained % % 73 No. of Blows il Mass Cup + Wet Soil,g L_L_1® |
fn. ass Retained| Coarser |Passing § [{Mass Cup + WetSoilg L _1®1 | Mass Cup + DrySolg L 1 19 |

63 212 | T N I O OO Mass Cup + Dry Soll,g L_L_ 191 | Mass Water

50 2 AR | L Mass Water Cup No.

Factor ‘Mass Cup, g L1119
. I R S 1 |

375 112 Cup No. Mass Dry Soil

35 114 e et B S Mass Cup, ¢ L 1® | % Moi

250 1 Ll L i | 1,90 7.20 | Q8 I l[Mass ory soit -

19.0 34 et 91013 19.251 205 79 % Moisture Plasticity Index ég P
16.0 5/8 OO T T O S T | Absorption (T84 or T85) —_—l. 19
12.5 " L) 121018570 Spec Grav SSD (T84 or T85) L 1@
05 Py Spec Grav APP (TR 300) 1%

. Y S S T e | :
Effective Spec Grav (TR 300) 18 i

475 No.4 L1t 1hOudy 6.0 Opt Moist Content,%(TR 418) L1fi 84

ass Mattin Pan | L1 | 1&1£1113) Maximum Density (TR 418) kg/m® (Ib/ft®) |E|é|_l_|_L_|_.ﬁ'
' Lab Comp Method (TR 418) Y
. Total LTofR Cement, % (TR 432 or SPECIFIED) Y YO
I'Initial Dry TotalMass | j | O | Lime, % (TR 416 or SPECIFIED) bl
Other (Additive} Code (i | % 119
junit i 1=grams 2= pounds - , | clay Lumps, % R 119) T YR
mevum No. Mass Retained | * I % T % Friable Particles, % (TR 119) e
- 9 Clay Lumps & Friable Particles %(T/R119) |__t1e)

‘23 8 S I S Flat or Elongated Part,%(TR 119) L 1@
2.00 10 [ O T A | Coal & Lignite, % (TR 119) (KX
118 16 Lty Glassy Particles, % (TR 119} el 1@ |

- iron Ore, % (TR 119) 1@ )

60 30 ——————_—— Wood, % (TR 119) Lt® 1

425 40 Ll 1919161010 |2499 7991 |20 | Total (Clay Lumps, Fri.Part.,Iron Ore,

300 50 [ O Coal & Lignite, Wood), %(TR 118) _1®

180 80 Foreign Matter, % (TR 109) [ T W

O T N T Y
Clam Shell, % (TR 110) [

150 100 Y O Y I Soundness, % Loss (T 104) [ Y

75 200 (I |£ Lie 19101 {A .34 M z Abrasion, % Loss (T 96) [ X |

53 270 L1 i Colorimetric Test {1=Pass, 2=Fail} (T 21) —

- -' Asphalt Content, % (TR 307) el 195

{Mass Matlin Pan | |1 iAo e 12\ Retained Asphalt Coating, % (TR 317) et

Decant Loss o 24 Percent Crushed (TR 306) ) I T |

. Retained Marshall Stability (TR 313) [

Acc. Total 179. O KR Resistivity (TR 429) R
fintiol Ory Totat Mass 1117191012100 %Dt 0, 10 PH (TR 430) Y
IID'V Mass After Wash 7 5 2 i Organic C.ontent, % (TR 413) _1e) 1

Sand Equivalent (TR 120 led

Remarks 2:

| S Y Y Y O O A O I Y O

NN 1 SN T SO O N Y e T T O T I N Approved By: Date:

| N N U N N T IO S Y N OO DO P I A

Aggregate Test Report (03-22-0745)
Figure G-3 (Metric)
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DOTD Designation: TR 418M-98
METRIC VERSION

METHOD H
" I. Scope

This method of test is designed to determine the
optimum moisture content and the maximum dry density
of recycled in-place material compacted in the laboratory
in accordance with this procedure. This method of test is
specifically designed for existing materials containing
asphaltic materials, hydraulic cement, lime, or other
stabilizers or surfacings which are to be used as soil or
soil-aggregate mixtures.

Note H-1: It is permissible to determine moisture-density
relationships of field conditioned material in
accordance with the applicable method of
DOTD TR 415.

Il. Apparatus

A. Mold

1. A cylindrical metal mold, having a capacity of
0.002832 m®, manufactured with an internal
diameter of 152.46 £0.66 mm and a height of
154.90+0.41 mm, and with a detachable
collar approximately 90 mm in height, which
can be fastened firmly to a base plate.

2. Molds shall be replaced if any diameter is more
than 153.39 mm or the height is less than
152.40 mm at any point.

Note H-2: Different makes of compactive devices may
use mold base plates of different designs. The
mold base plate must be compatible with the
make of compactive device used.

B. Compactive device
1. Automatic Rammer
a. A 4.536+£0.045 kg rammer, with a striking
face that is a 2026.83 mm? sector face
for use with a 152 mm inside diameter
mold and arranged to control the height of
drop to 457 +2 mm )
b. A 2.495+£0.023 kg rammer, with a striking
face that is a 2026.83 mm? sector face for
use with a 152 mm inside diameter mold,
and arranged to control the height drop to
305+2 mm
2. Manual Rammer
a. A 4.536 +£0.045 kg rammer, with a circular
striking face with a diameter of
50.80+0.25 mm and arranged to control
the height of drop to 457 +2 mm

rRAC- I

b. A 2.495+0.023 kg rammer, with a
circular striking face with a diameter of
50.80+0.25 mm and arranged to
controf the height of drop to 305 +2 mm

Compaction block - a stable block or pedestal

composed of portland cement concrete and

with a mass of 90 kg.

Straightedge - steel straightedge, approximately

300 mm in length.

Scale - a scale of 10 kg or more capacity

sensitive to 5 g or less.

Sieves - a set of the following sieves

conforming to the requirements of the Standard

Specification for Wire Cloth Sieves for Testing

Purposes (AASHTO Designation: M 92).

1. 25 mm

2. 19 mm

3. 12.56 mm

4. 475 mm

5. 2.00 mm

6. 425 um

7. 75 um

Tools

1. Mixing pans with appropriate covers.

2. Spoons.

3. Pointed trowel.

4. Spatula or large suitable mechanical device
for thoroughly mixing material with water.

5. Large screwdriver to remove material from
mold.

6. Finishing tool.

7. Height gauge - dial micrometer incremented

in 0.025 mm, accurate to 0.025 mm,
mounted on a stand.
8. Beakers, Dispersing Agent, and Stirring
Apparatus, and Dispersion Cup from DOTD
TR 407.
Graduated cylinder - incremented in mL.
Engineer's Curve - Alvin 1010-21 or equivalent.
Wax paper
Power driven wedge crusher.
Laboratory Moisture - Density Worksheet,
Methods H & 1 - DOTD Form No. 03-22-4198.
(Figure H-1)
Laboratory Compaction Report - DOTD Form
No. 03-22-4165. (Figure H-2)
Aggregate Test Report - DOTD Form No. 03-
22-0745. {Figure H-3)
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Note H-3:

It is convenient, but not essential, to have a
mechanical device for removing the
compacted material from the mold. Such a
device may consist of a closed, cylindrical
sleeve slightly less than 152 mm in diameter
or a piston of the same diameter, actuated
mechanically, hydraulically or by air pressure.

lil. Test Sample

A. Obtain a representative sample with a mass of 80
kg (6 full sample sacks) of material.

B. Dry entire sample in accordance with DOTD TR
411, except for materials containing reclaimed

asphaltic

concrete (RAP), oils or other

hydrocarbons. The maximum drying temperature
will be 60°C.

IV. Procedure

A. Preparation

1.

2.

Note H-4:

Set the crusher to produce a sampie with
95% - 100% passing the 25 mm sieve.
Pass the entire dried sample through the
crusher.

When passing the sample through the
crusher, do not crush or reduce the size of
stone or gravel aggregate or trash such as
bottle caps, pavement markers, broken pieces
of culvert, steel, etc. Remove these
materials prior to the crushing operation,
Discard these materials retained on the 25
mm sieve. Do not remove or discard RAP or
treated soils prior to crushing.

Obtain a representative portion of material in
accordance with DOTD TR 108 (minimum
size in accordance with DOTD TR 113).
Record as initial Dry Total Mass on the top
portion of the Aggregate Test Report.
Determine the Atterberg Limits of the
material in accordance with DOTD TR 428.
Determine the mass of the material retained
on the 25 mm, 19 mm, 12.5 mm, and 4.75
mm sieves, in accordance with DOTD TR
113 and the mass retained on the 2.00 mm,
425 ym, and 75 um sieves, in accordance
with DOTD TR 112 with the following
exceptions for the material passing the 4.75
mm sieve. Record all data on the Aggregate
Test Report. _

a. The test specimen will be 100 g.

Note H-5:

b. The test specimen will be soaked in a
beaker filled with dispersing agent for a
minimum of one hour.

c. The test specimen will be dispersed
with the mechanical stirrer for three
minutes. Prior to dispersion, wash any
material remaining in the beaker into
the dispersion cup with distilled water
and add additional distilled water to the
dispersion cup until it is approximately
two-thirds full.

d. Pour the test specimen from the
dispersion cup over a nest of sieves,
containing the 2.00 mm, 425 um, and
75 um. Wash any remaining particles
out of the dispersion cup over the sieve
nest. :

e. Place the material retained on each
sieve in a separate tared container,
place in an oven, dry to a constant
mass in accordance with DOTD TR 403
at 110+£5°C (maximum 60°C, if the
material contains RAP, oils or other
hydrocarbons). Record each dry mass
separately as Mass Retained on the
Aggregate Test Report.

The values for percent retained, percent
passing and Atterberg Limits will be used
in lieu of classification in accordance with
DOTD TR 423 to identify similar materials
for moisture-density purposes.

Mix the material prepared in Steps IV.A.1 -
2 and separate into a minimum of five 7
kg representative portions.

B. Testing

1.

Note H-6:

Add a quantity of water, measured in mL,
to make the 7 kg representative portion to
be used for the first point slightly damp.
Mix thoroughly. Record the quantity
added as G on the worksheet.

Check the mixture by squeezing the fine
portion in the palm of the hand. If the
mixture is the correct moisture content, it
will form a cake which will bear very
careful handling without breaking.

Add and thoroughly mix a quantity of
water, measured in mL, to each remaining
7 kg representative portion to increase the
moisture content of each portion by 2%
more than the moisture content of the



previous portion. The 2% increment may be

adjusted, if necessary. (Refer to Step V.B)

Record the quantity added to each representative

portion as G on the worksheet.

Cover the representative portions and protect

them so that the moisture content remains

constant, then allow them to slake for a minimum
of 30 minutes.

Remix the individual representative portions,

protect them so that the moisture content remains

constant, then allow them to slake for a minimum
of 12 hours. ‘

Compact the test specimens using an approved

rammer.

a. If mold requires an attachable base plate,
attach base plate. Determine the mass of the
mold and base plate and record as | on the
worksheet.

b. When using a mold without an attachable

base plate, place wax paper on base. Place

mold over wax paper and attach. Determine
the mass of the mold and base plate and
record as | on the worksheet.

Attach colilar to moid.

Uncover a representative portion and remix.

e. Place a quantity of this material into the mold
in an even layer that will yield approximately
1/3 the volume of the mold after compaction.
Recover the representative portion.

ao

f. Use a pointed trowel to rearrange particles,

filling voids in the loose material without
compacting the material.

g. Rest the rammer on top of the layer to be
compacted. Compact the layer using 28
blows with the 4.536 kg rammer or 75 blows
with the 2.495 kg rammer.

h. Note height of compacted material. [f
compacted layer is not 1/3 the height of the
mold, correct for any deviation by adjusting
the quantity of material used for the
subsequent layer.

i. Repeat Steps IV.B.5.d-h for two more layers.

j.  After the third layer has been compacted,
remove the mold, base plate {if applicable),
and compacted specimen from the rammer
and piace in a pan.

k. Tap the collar with the straightedge to loosen
material bond and remove the collar from the
mold, without twisting or causing shear
stress to the molded specimen.

I.  Note the height of the compacted test
specimen.
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(1) if the compacted material is more than 15
mm above the height of the mold or more
than 10 mm below the rim of the mold,
remove all material from the mold, remix it
with the original representative portion and
repeat the test.

(2) If the compacted material is above the top
of the mold, but not more than 15 mm
above, proceed as follows:

Keeping the mold, base plate (if

applicable), and specimen in the pan,

trim the specimen even with the top of
the mold, using the steel straightedge.

Fill any depressions with the fine,

trimmed material, smoothing each area

with the straightedge after it is filled.

Do not attempt to replace aggregates

that have been dislodged.

(3) If the compacted material is below the top
of the mold, but less than 10 mm below,
proceed as follows: ‘

(a) Place the finishing tool on the
compacted surface and rotate it
while tapping very lightly to smooth
and level the surface. Do not impart
additional compactive effort to the
specimen.

{b) Determine the height of the
specimen by measuring to the
nearest 1 mm at three locations
spaced equally around the
circumference, and averaging.

(c) Calculate the volume of the
specimen in accordance with Step
V.C and record as K on the
worksheet.

Brush material from all outside surfaces of mold

and exposed edges of base plate or wax paper.

Remove wax paper (if applicable), and brush

fines from wax paper onto top of test

specimen. Take care not to lose any fines from
test specimen.

Determine the mass of the mold, base plate (if

applicable), and compacted test specimen and

record as H on the worksheet.

Remove the base plate (if applicable). Remove

test specimen. from mold and determine

moisture content by breaking up and drying the
entire test specimen in accordance with DOTD

TR 403, Method B.

Repeat Steps IV.B.5.a-p for each 7 kg

representative portion, cleaning the mold
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between each test specimen. Continue
repeating the procedure until there is a
substantial decrease in the wet mass of the
compacted material or the material becomes
too wet to compact.

V. Calculations

A.

Calculate the initial dry total mass of sample, the
percent retained on the 2.00 mm and larger sieves,
and the percent passing each of these sieves in
accordance with DOTD TR 113. Determine the
percent retained and percent passing on the 425 um
and 75 um sieves in accordance with the applicable
sections of DOTD TR 407. Record in the appropriate
location on the worksheet and the Aggregate Test
Report.

Calculate the quantity of water to be added to each
representative portion (G,) in mL to yield a moisture
content incremented by 2% above that of the
previous representative portion by using the following
formula. :

G,=G,, + 136

where:
Gn-1

volume of water, mL, added to the
previous representative portion

136 = a constant representing the volume of
water, mL, required for a two % moisture
content for a 7 kg representative portion

example:
Gh1 = 429 mL

G, = 429 + 136

G, = 565

Note H-7: 1 g of water = 1 cc of water = 1 mL of water.

C. Calculate the volume of the test specimen (K) in m®
in accordance with the following formula and record
on the worksheet.

h
K= — % 0.01858
1000 -
where:
b = avg. height of test specimen, mm

0.01858 = constant equal to the volume of a 152.4

mm diameter mold, per mm of height, m3
1000 = conversion factor to convert mm to m

example:
h = 1556 mm
K = 11:050 x 0.01858
= 0.0028799
K = 0.002880

Calculate wet mass of compacted material in mold
{J) for each point in accordance with the following
formula and record on the worksheet.

J=H -1
where:
H

mass of mold, base plate (if used), and
compacted wet material, g

] mass of mold and base plate (if used), g

exampie:

H
|

11499 g
6387 g

J = 11499 - 6387
J = 5112

Calculate wet density (WWD) in kg/m3 for each
representative portion using the following formula
and record on the worksheet.

S N
1000 x K
where:
J = wet mass of compacted material, g
K = (0.002832) a constant representing the
volume of the mold or the volume of the
specimen (if applicable), as calculated in
Step C, m®
example:
J =5112g¢g
K = 0.002832 m°®
- 5112
1000 x 0.002832
WWD = 1805



F. Calculate the mass of water (WW) and the mass
of dry material (DW), using the formulas shown on
the worksheet and record.

G. Calculate the moisture content (MC) in percent for
each representative portion as shown on the
worksheet and record.

H. Calculate the dry density (DWD) in kg/m3 for each
representative portion using the following formula.

pwD = —WWD) 100
100 + (MC)
where:
WWD = wet density, kg/m?
MC = moisture content, %
example:
WWD = 1805 kg/m®
MC = 6.3 %
DWD = — 1895, 400
100 + 6.3
- 1805 % 100
106.3

= 16.9802 x 100
DWD = 1698

. Beginning with the lowest moisture content, plot a

point on the Laboratory Compaction Report,
representing the intersection of a horizontal line
projected from the wet density and a vertical line
projected from the moisture content. Continue for
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each moisture content until all points for wet
densities have been plotted. Repeat the process for
each moisture content, substituting dry densities for
wet densities.

Form a smooth line using the engineer's curve by
connecting the plotted points to form two curves,
Wet density Vs. Moisture Content and Dry Density
Vs, Moisture Content. (Refer to the Laboratory
Compaction Report.)

Note H-8: If after the results have been plotted, there is not

a minimum of three points on the dry side and
two points on the wet side of optimum,
additional testing must be performed until this
minimum is met. If a smooth curve cannot be
drawn, additional testing may be required.

Determine the Optimum Moisture Content (%),
which is the moisture content corresponding to the
peak of the dry density curve.

Determine the maximum dry density, which is the
density corresponding to the peak of the dry density
curve.

V1. Report

A,

Report the Maximum Dry Density and Optimum
Moisture Content on the Laboratory Compaction
Report and on the Aggregate Test Report to the
nearest 5 kg/m3 and 0.1 percent, respectively.
Report the Gradation and Atterberg Limits on the
Laboratory Compaction Report and on the Aggregate
Test Report.

Vil. Normal Test Reporting Time

Normal test reporting time is 3 days.
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» LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 03-22-4198
) Metric
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4198
DOTD TR 418 - Methods(F)& | -
(Metric)

PROJECTNO. _999- 99- 2999 DATE: ﬂLL‘]’/__ LABNO: R2~99999 9

*TYPE ADDITIVE: TYPE SOIL: ﬁpi-.mmﬁkph SAMPLENO.: __ S~ 7
TesTeDBY: _Al S M. CHECKED BY: _B. 3. D.

*MAX. DRY DENSITY OF MATL, (FROM TR 418, METHOD H), kg/m*

*REQUIRED % BY VOL. OF ADDITIVE (___ TR 432-B, ___ TR 416, ___ specified)

*% MASS OF ADDITIVE ( ___ chart, ___formuia)

DRY MASS OF MATERIAL (Representative portion), g

*MASS OF ADDITIVE TO BE ADDED, g E | (€xD) +100

*TOTAL DRY MASS OF MATERIAL AND ADDITIVE, [<] F D+E .

* FOR USE WITH DOTD TR 418, METHOD 1 ONLY.

CURVE POINT NO. 3 4 5 6
WATER ADDED, m{. &

L — - mr—
MASS MOLD, BASE (if appl) & WET MATL,g | H LGl 7 (2SN 11 735 11508
MASS MOLD & BASE (if applicable), g ! 1632714327 |6382

MASS WET COMPACTED MATERIAL, g

430 |S9¢70 | 58481 57/¢6

VOLUME OF MOLD (or specimen), m*

___0.00483.2

T%@MASS OF WATER, ~t %&%
B

l

WET MASS DENSITY, kg/m® WWD 1000 K

MASS OF PAN & DRY MATERIAL, g L Pl | 7607 | TR | Toss
MASS OF PAN, g m B As4) | B46345| 1313 | AsoP
MASS OF DRY MATERIAL, g DW L-M Jligg L2432 | L2722 | #7599 | rats

1805 | 184711231 | 1888 | 1806

MOISTURE CONTENT, % MC (WW/DW)x100 6.3 7.5 0.0l 114 19.0
DRY MASS DENSITY, kg/im® Dwo B« 100

o /498 W718 11755 7695 /e
REMARKS:

Laboratory Moisture - Density Relationship Worksheet (03-22-4198)
Figure H-1 (Metric)
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1960

1920
1880
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1800
1760
I7zo
180

ko

) Rev. 3/98
Project No.999-94-6pq9 Station S. No. Lab No. 22 - 999999
T e P e T e
COMPACTION REPORT s et
| GRAIN SIZE = = SR
% Ret. 25.0 mm (1) e
% Ret. 19.0 mm (3/4) T e e =
% Ret. 12.5 mm (1/2) WET DENSITY |2
% Ret. 4.75 yum (4) T & A esiasaanzess: :a
% Ret. 2.00 um (10) . = T
% Ret. 425 ym (40) B3 _ : et
% Ret. 75 gm  (200) == HE
% Silt : = . ? e
% Clay & Colloids - 4 Samaannas
% Pass 2.00 zm {10) , e
% Pass 4.75 pm (40) eare TR
% Pass 75 ym (200) & Sacessakas cemesassas]
% Sand (Tot. Material) -J:H pRRmamRTENEEes
% Unadjusted Silt - e FEE R
% Unadjusted Sand Ry Sanns: + o3 e o ua
% Unadjusted Clay = e H ﬁg
ATTERBERG LIMITS ' ey e |
Liquid Limit Sh T "E:f
Plastic Limit m: . s .
Plasticity index »z . | E
Soil Group  A- e S enman 4 .
Group Index ‘ « = e = ;
Classification SANDY LoAed = = s s £0rs S SRS R 4
et ASPUALT N i i peat : R
ADDITIVE, % = S s =
MAX. DENS. kg/m® (Ib/ft%_\-1 : e ST : 22t
OPT. MOISTURE, % T A SiTeianiit s it
s e —— = T = ‘ ‘ : o -# ‘-'E
H e EE e - S N m s e S e
: = S R SR e
X i : 3 N HEn ST
=== :
HEEEEESHEE =
E : ] :
THIS CURVE MAY BE USE
FOR SOILS REPRESENTED

1&00

1560

LAB COMPACTION REPORT - DOTD TR 418 METHOD H

DOTD 03-22-4165
Metric / English

BY SAMPLES:

=+

RO L  snawe

: DATE:V SJ

G

MOISTURE CO_?TENT - PERCENT OF DRY WEIGHT

1

12

)

Laboratory Compaction Report (03?22-4165)

Figure H-2 (Metric)
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Cement, % (TR 432 or SPECIFIED) el 1@ |

MATT MENU SELECTION - 2 Louisiana Department of Transportation and Development DOTD 03-22-0745
AGGREGATE TEST REPORT g:vﬁszggnalbh
Project No. 1919191 -19191- 10101919 Material Code M£LLIE LabNo. L=%¥2i-191919191919
Date Sampled 21L1-=1014-1917) Submitted By L21€10 11 Quantity 21210
Purp Code D source Code 14101919 Spec Code L PO.No. L1 ! 1.1 ||
DatoTested  LOLL1-10161~1917) gept 917171 | | | prappcoge Lt L L | FrictRating i (1-4)
item No. Lttt i 113114y DaeRecdgay _(/a/F7 Sampled By: _ J. W,
Remarks1 L—l—l L | 0 4 1 0 0 3 9 0 b0 00 b a1
SN Y RO U S Y TN T OSSO S N WO N BN MY N A O R T
TestedBy __ GC. Date __//i/97 _ CheckedBy _ 3. W, _ Date_{/7/97
DOTD TR 102, 112, 113 & 309 DOTD TR 428
Unit L 1=gams 2=pounds Liouid Uimit X 3 Plastic Limit __ /%
Sieve Mass Retained % % 1 % No. of Blows Mass Cup + Wet Soil,g ém
mm In. ass . Retained| Coarser |Passing || |Mass cup + wet Soil.g Lﬁﬁ_ﬂ Muss Cup + Dry Soil,g 5| @y
63 212 Ll t 1111 Mass Cup + Ory Soilg |21 ®1del Mass Water _ 3.
50 2 Ll it j Mass Water :Z’é Cup Neo.
Factor £.99299 .  Muscup, g Lo 99
375 112 | L1414y cop o, Mess Ory S0t ol ST :
s 114 (S N K S o Mass Cup, ¢ LI21®10; % Moisture (2.3 !
250 1 I Y O B O Maas Dry Soi 3ol
' 190 Y4 (I I B I O % Moisture _<f3,3 _  Plasticity index _L__L___ '
: 16.0 5/8 [ S Y O S | Absorption (Te4 or T85) L 19 ’
12,5 " L1 101 10 o o ; Spec Grav SSD (784 or T85) e @t
Pys e Spec Grav APP (TR 300} L1®
: i b1 Effective Spec Grav (TR 300} L 1®
475  No.4 L 1317191, 17181 Opt Moist Content,%(TR 418) Ji0,1 0,5
Matlin Pan Maximum Density (TR 418) kg/m® (Ib/ftY) | /171615 |
Yol 0. 40 Lab Comp Method (TR 418) Y. 1]

Initiat Ory TotalMass 11 ) | ) 1 | | Lime, % (TR 416 or SPECIFIED) [——
Other (Additive) Code __j | % L_L 18 |
_L_’_'_‘E_s;-—' 1=grams 2= pounds 7 - - Clay Lumps, % (TR 118} e 1
mmum No. Mass Retained Friable Particles, % (TR 119) l®l |
a Retained) Coarser |Passing Clay Lumps & Friable Particles %(TR119) (_1@1 |
2.36 8 I T 1O Y O | Flat or Elongated Part,%(TR 119) L. %
200 10 L 91105 1182 140.2 | 4 Coal & Lignite, % (TR 119) Y
118 15 i ! | Glassy Particles, % (TR 119) Ll 1@ |
- Iron Ore, % (TR 119) . L1®t
s 30 L S I Wood, % (TR 119) L1®
425 40 L IANT1110) | 49,4 | G2 /A Totat (Clay Lumps, Fri.Part.,Iron Ore,
300 50 Ll Coal & Lignite, Wood), %(TR 119) L1®y
160 0 Foreign Matter, % (TR 109) [ T
e T Clam Sheli, % (TR 110) [ I
150 100 W Y N 2 Soundness, % Loss (T 104) [N Y|
75 200 L 11210y /.5 50,2 | /9 Abrasion, % Loss (T 96) ey |
53 270 1 L L . Colorimetric Test (1 =Pass, 2=Fail} (T 21} L
: : r— Asphait Content, % (TR 307) S I T X S
Mass Matlin Pan | || _1ufie 51O e Retained Asphait Coating, % (TR 317) IR T
Decant Loss o ;:rcentdc;nushzd ':T; a:sl) (T . |
el e tained Marshall Stability (TR 313) Lo
"Aer; Jotal ! oo_’L Resistivity (TR 429) et 4 1.}
“lnitial Dry Total Mass LLL®101e 4O %Dif:. & |0 pH (TR 430) Lt (@
Organic Content, % (TR 413) iey
O .
"D'y Mass After Wash Sand Equivalent (TR 120) Ll }
- Remarks 2:.
U O N N SO Y S N T T T T T T I O Y |
N T N TN Y U Y O O S T Y Y I Y| Approved By: Date:

Aggregate Test Report (03-22-0745)
Figure H-3 (Metric)
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DOTD Designation: TR 418M-98
METRIC VERSION

METHOD 1

I. Scope

This method of test is designed to determine the
optimum moisture content and the maximum dry density
of recycled in-place material to be cement stabilized or
treated, or lime treated or conditioned, when compacted
in the laboratory in accordance with this procedure. This
method of test is specifically designed for existing
materials containing asphaltic materials, hydraulic
cement, lime, or other stabilizers or surfacings which are
to be used as soil or soil-aggregate mixtures.

Note I-1: |t is permissible to determine moisture-density
relationships of field conditioned material in
accordance with the applicable method of
DOTD TR 415. For field conditioned material
which requires the addition of additives, TR
415 Method B can be used in the laboratory to

" determine moisture-density relationships of the
material and additive combination only if the
required amount of additive is known;
however, for field conditioned material brought
into the laboratory for the purpose of
determining the required amount of additive, it
is not permissible to use Method B of TR 415.

Il. Apparatus

A. Same as DOTD TR 418, Method H.
B. Cement or lime.

Note I-2: Cement shall meet DOTD specifications for
Type IB. For Type IB cement, a unit mass of
1500 kg/m shall be used.

When Type 1/l or Type IP cement is used on the
project, it shall be used in lieu of Type IB to
determine the report values for this method of
test.  Type Il and Type IP cement shall meet
DOTD specifications. For Type IP cement, a

" unit mass of 1440 kg/m® shall be used. For
Type Il cement, a unit mass of 1500 kg/m3
shall be used.

Lime shall meet DOTD specifications for
hydrated lime. A unit mass of 560 kg/m3 shall
be used.

C. Personal protective equipment
1. Respirator.
2. Gloves.
3. Apron.
4. Goggles.

Laboratory Moisture - Density Worksheet,

D.
Methods H & | - DOTD Form No. 03-22-
4198. (Figure I-1)

E. Additive Conversion Chart. (Figure |-2)

F. Laboratory Compaction Report - DOTD Form
No. 03-22-4165. (Figure 1-3)

G. Aggregate Test Report - DOTD Form No. 03-
22-0745. (Figure |-4)

lll. Test Sample

Same as DOTD TR 418, Method H.

IV. Health Precautions

Care must be taken not to allow cement or lime to
contact skin or to inhale its reaction fumes.

V. Procedure

A. Preparation

1.

Determine the maximum dry density of the
recycled material in accordance with Method
H. Record as A on the worksheet.

. Determine the percent by volume of cement

in accordance with DOTD TR 432 or the
percent of lime in accordance with DOTD TR
416 or use the percent specified. Record as
B on the worksheet.

. Convert percent by volume to percent by

mass and record as C on the worksheet.
(Refer to Step VILLA or B for mass-volume
conversion calculations).

. Obtain a minimum of five 7 kg representative

portions using the material
accordance with Method H.

prepared in

B. Testing

1.

Note I-3:

Add a sufficient quantity of water to make
each 7 kg representative portion slightly
damp. Mix thoroughly.

Check the mixture by squeezing the fine
portion in the palm of the hand. If the
mixture is the correct moisture content, it will
form a cake which will bear very careful
handling without breaking.

. Protect the representative portions so that

the moisture content remains constant and
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Note I-4:

allow them to soak for a minimum of 12 hours.
Calculate the mass of additive to be added to
each representative portion in accordance with
Step VI.C and record as E on the worksheet.
Add this quantity of additive to each
representative portion. ‘
‘Add additional water, measured in mL, to brin
the 7 kg representative portion to be used for
the first point back to the slightly damp
condition described in Note /-3. Mix thoroughly.
Record the quantity added as G on the
worksheet.
Add and thoroughly mix a quantity of water,
measured in mbL, to each remaining 7 kg
representative portion to increase the moisture
content of each representative portion by 2%
more than the moisture content of the previous
portion. (Refer to Step VI.D) The 2% increment
may be adjusted, if necessary. Record the
quantity of water added to each representative
portion as G on the worksheet.

Cover the representative portions to which

water and additive have been added and allow

them to stand for a minimum of 30 min.

Remix the individual representative portions,

cover and protect them so that the moisture

content remains constant, then allow them to
slake as follows.

a. Recycled material mixed with cement: The
combined standing and slaking time
(beginning with Step V.B.6), plus the
compaction time in the laboratory shall
approximate the moist mixing time, plus the
compaction time in the field, but is not to
exceed 90 min.

b. Recycled material mixed with lime: The
combined standing and slaking time
(beginning with Step V.B.6) plus compaction
time in the laboratory shall approximate the
moist mixing time and mellowing time in the
field, but shall not be less than 15 hours.

c. When recycled material is lime conditioned
prior to cement treatment or stabilization,
mix the recycled material with the lime
and allow it to slake in accordance with
Step V.B.7.b. Then, add the required
percent cement (determined in accordance
with Step VI.A or B) to the lime mixture and
allow the lime mixture to slake in
accordance with Step V.B.7.a.

When during a project, the recycled material
has been lime treated or conditioned in

accordance with Section 304 of the
specifications prior to sampling for cement
treatment or stabilization, it shall be slaked in
accordance with Step V.B.7.a.

8. Compact the test specimen in accordvance
with Method H, Step IV.B.5.

V1. Calculations

A.

Determine percent of additive by mass by using

the Additive Conversion Chart. This chart may

be used for Type IB portland cement and lime.

1. Enter the chart on the left scale. Reading
vertically, place a point at the appropriate
maximum dry density of the soil-aggregate
mixture obtained in Step V.A.1.

2. Reenter the chart on the right scale.
Reading vertically, place a point at the
design percent by volume of additive.

3. Draw a straight line across the chart
connecting the two points plotted in Steps
1 and 2.

4. Read the percent by mass directly from the
additive scale on the chart at the point
where the line drawn in Step 3 intersects
the scale for the additive being used.

5. Record this value as C on the worksheet.

6. Example: (Figure I-3)

a. Type IB Cement

D = 1765 kg/m®

V = 8% Type IB cement by volume

(1) Follow the left scale to the point
represented by 1765 kg/m3.

(2) Follow the right scale to the point
represented by 8% by volume.

(3) Draw a straight line across the
scale, connecting the two points.

(4) The percent cement by mass, read
directly from the middle scale, is
7.3%.

= 1710 kg/m®
= 6% hydrated lime, by volume

<0

(1) Follow the left scale to the point
represented by 1710 kg/m?3.

(2) Follow the right scale to the point
represented by 6% by volume.

(3) Draw a straight line across the
scale, connecting the two points.



B.

(4) The percent lime by mass, read
directly from the middle scale, is
2.0%.
In lieu of the charts or if values are not covered
by the charts, determine the percent by mass of
additive (C) using the following formula.

c = {UBM00) -, 499
A - (UB/100)

C=— 1
(A/UB) - 0.01

where:
A = maximum dry density of the soil-
aggregate, kg/m3
B = % by volume of additive
U = unit mass of additive, kg/m3
100 = constant '
0.01 = constant

1. Example: (Type IP Cement)

2080 kg/m®
8%
= 1440 kg/m®

A
B
U

1
[2080/(1440 x 8)] - 0.01 -

. 1.
(0.1806) - 0.01

1
0.1706

C =59

Note I-5: To achieve required accuracy after rounding,

carry to four decimal places, as shown.

2. Example: (Lime)

A = 2080 kg/m®
B =6%
U = 560 kg/m°
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C- L
[2080/(560 x 6)] - 0.01
- 1
(0.6190) - 0.01
- 1
0.6090
C=16

Calculate the mass of additive (E) in grams to be
incorporated into the representative portion of soil
using the following formula and record as E on the
worksheet.

where:

C = % by mass of additive (from chart or
formula)
D = dry mass of representative portion, g
100 = constant

example
C =73%
D =7000¢g
E - 7.3 x 7000
100
_ 51100
100
E =511

Calculate the quantity of water to be added to
each representative portion (G,), in mL to yield a
moisture content incremented by 2 percent
above that of the previous representative portion
by using the following formula.
G, =G,, +(0.02 x F)

n

where:
G,.1 = volume of water added to the previous
representative portion, mL
F = total mass of material and additive, g
0.02 = a constant representing a 2%

increment of moisture
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G,1 = 551 mL
F = 7511¢g
G, = 551 + (0.02 x 7511)
= 551 + 150.22
G, =701
Note I-6: 71 g of water = 1 cc of water = 1 mL of water.

E. Perform all calculation steps for the recycled material
in accordance with Method H, Step V. C-L.

VIl. Report

A. Report the Maximum Dry Density and Optimum
Moisture Content on the Laboratory Compaction

Report and on the Aggregate Test Report to the
nearest 5 kg/m3 and 0.1 percent, respectively.

B. Report the Gradation and Atterberg Limits on the
Laboratory Compaction Report and on the
Aggregate Test Report.

C. Report the Type and Percent by Volume of
Additive to the nearest percent on the Laboratory
Compaction Report and on the Aggregate Test
Report. :

VIii. Normal Test Reporting Time
Normal test reporting time is 6 days.
Note I-7: When percent cement must be determined by
DOTD TR 432, Method B or the percent lime

by DOTD TR 416, normal test reporting time
will be 3 weeks or 2 weeks, respectively.
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT DOTD 03-22-4198
Metric
LABORATORY MOISTURE - DENSITY RELATIONSHIP 4/98
DOTD TR 418 - Methods H &0
{Metric)
PROJECTNO. 9992-99-99499 oate: 1/6/27 LABNO: XX -29999F
*TYPE ADDITIVE: TYPE SOIL: SAMPLE NO.;
TESTED BY: CHECKED BY:
*MAX. DRY DENSITY OF MATL. (FROM TR 418, METHOD H), kg/m® A /7
“REQUIRED % BY VOL. OF ADDITIVE (__ TR432.8, __ TR 416, . specified) | B &
*% MASS OF ADDITIVE ( ___ chart, ___ formuta) c 7.3
DRY MASS OF MATERIAL (Representative portion), 9 D '7000
*MASS OF ADDITIVE TO BE ADDED, g E | (CxD)+100 571
*TOTAL DRY MASS OF MATERIAL AND ADDITIVE, g F D+E 7571

* FOR USE WITH DOTD TR 418, METHOD | ONLY.

CURVE POINT NO. 6
WATER ADDED, mL 17X
MASS MOLD, BASE (if appl.) & WET MATL, g
MASS MOLD & BASE (if applicable), g 1
MASS WET COMPACTED MATERIAL, ¢ J
VOLUME OF MOLD !or specimen), m’ _

MASS OF PAN & DRY MATERIAL, g L

MASS OF PAN, g M

MASS OF DRY MATERIAL, g ow L-M 4790 (4935 5034 | 20p | 4F22,
MASS OF WATER, . ww J-OW o 1503 |57¢ goqé ZsZ

WET MASS DENSITY, kg/m* ) TloJW /9229 1940 L1921 | oo
MOISTURE CONTENT, % Mc (WW/DW)x100 Z'. ! oz | et 1187 5ot
DRY MASS DENSITY, kg/m® DWD 1—0‘;—“”’7_”% * 100

1692 ls7da 1778 1/ 768 14737

. REMARKS: 0 - mass

Laboratory Moisture - Density Relationship Worksheet (03-22-4198)
Figure 1-1 (Metric)
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MAXIMUM
DRY DENSITY
95
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1600 100
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105 7.3% Cement Additive
1700 by Weight
’ 17 D ' \
S0 ! lo\ N
~
1800 NN
X
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= 1900 S ~
) 120 o N
© 4980 ~
~ o
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a2 2000 128 2.0% Lime Additive
By Weight ——
2050
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2100
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i385
2200
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NOTE: Thu chort is not suitable for use

w en rpo IpP Pomnnd-Poaolm
being used

RELATION IN PERCENT BY MASS OF OVEN-DRY SOIL, SOIL-AGGREGATE,

ADDITIVE
PERCENT
BY MASS

7

o

©

[ ]

PORT}ZAND CEMENT

ADDITIVE
PERCENT
BY VOLUME
i8

7

ADDITIVE CONVERSION CHART

OR AGGREGATE TO DESIGN PERCENT BY VOLUME

Additive Conversion Chart
Figure 1-2 (Metric)
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DOTD 03-22-4165

LAB COMPACTION REPORT - DOTD TR 418 METHOD I Metric / English
D Rev. 3/98
Project No.499-99- o099 Station S.No. T Lab No. 22- 999929
COMPACTION REPORT e 3 e 2 e e e
|GRAIN SIZE = " Eassszeiyissssiimoiasas as
% Ret. 25.0 mm (1) : = St asat
% Ret. 19.0 mm (3/4) - : e
% Ret. 12.5 mm (1/2) : =l WET DENSITY d
% Ret. 4.75 ym (4) K et : - : HrH e ﬂﬂ
% Ret. 2.00 gm {10) = ‘ : =
% Ret. 426 um (40) = : : : =
% Ret. 75 ym  (200) e 1 - |
% Silt = z : Poameor smparas et
% Clay & Colloids = : =sa e R Eoee thus
% Pass 2.00 ym {10) — : : .
% Pass 4.75 pm (40) - ; = £
% Pass 75 ym (200) - - : naw .
% Sand (Tot. Material) - B S ] ] . ]
% Unadjusted Silt -  — e .
% Unadjusted Sand H 2% ST STek e il : 5E Smsasins
2040 | Unadjusted Ciay B s SR i oty EEEp B P e s e s
[ iy - = ,‘ : :;Esg
Liquid Limit A : ES : ‘
2000 Plastic Limit R e ke manns
Piasticity index S ol ARTR Lt = >
Soil Group  A- : y ey TS Free suse iy z = == i
1960 {Group Index T e m"#‘ﬁ -
Classification . n — - : : D ey S 5
(&'
1220 | ,opimive, % S
MAX. DENS. kg/m® (Ib/ft)
880 OPT. MOISTURE, % 12.!
‘ L‘.ﬂ = ror=iasemnens : -
1840 ; g
1800 e
n e u
1760 e
120
1680
"A’O : R e e e fﬂ ‘“.;sz‘ : ’g”
THIS CURVE MAY BE USED e TroH = T o e I : Saiisini g
1,00 FOR SOILS REPRESENTED Pt TEr R S isee ST : sereas |
BY SAMPLES: r SIm e 22 i e e e ; THE
S T fr
S0 , == e ==
= : ; ]
T : ‘ . : ,E 5 =ttt
] DATE: S/19/98

MOISTURE CONTENT - PERCENT OF DRY WEIGHT
1 & 9 Jo 1 Iz n»n 4 Is Ie

Laboratory Compaction Report {03-22-4165)
Figure 1-3 (Metric)
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MATT MENU SELECTION - 2

Louisiana Department of Transportation and Development DOTD 03-22-0745
AGGREGATE TEST REPORT Matric | English
Project No. 5 = = Material Code L‘bi.l&l LabNo. Le%i-1919191919\9)
Date Sampled 21L1-10161-1917) Submitted By Quantity LL121010) 1
Purp Code ZI SourceCode | | | Spec Code L PO.No. Ll L L 1 i
Date Tested QU0 1=11131-1917) \gepy L2A=171 | | ! plantCode t-lol | FrictRating || (1-4)
item No. IO W O O O 0 I A IO T Date Rec'd (lab) Sampled By: _[B, W,
Remarks1 —L -4 0 ¢ & 0.t O 0 0 4 d b L)
RN S S S Y S TR NN VRN NS N DU NV DR (U (NS NS SN FN N SN SN SN DU IO PO
TestedBy G.C, Date (/n3/97 Checked By _(3, W/, Date 1//14/97
DOTD TR 102, 112, 113 & 309 DOTD TR 428
Unit , 1= grams 2 = pounds Liquid Limit 22-_;___ Plastic Limit _’—fa"_
Sieve Mass Retained % % % No. of Blows [N Mass Cup + Wet Soilg L _1®
mm In. ne Retained| Coarser |Passing |l [IMass Cup + WetSoilg (_1_(®1 | Mass Cup + Dry Soilg | 119
63 212 1| 13 Mass Cup + Dry Soil.g L 191§ Mass Water
50 2 l ] Mass Water Cup No.
Factor Mass Cup, g Ll 1%
. 1 Lt ] —_—
3.5 12 . Cup No. Mass Dry Soil
315 14 e Mass Cup, g L 1®) | % Moisture
25.0 1 T O T S | Mass Dry Soit
190, 4 I AN | % Moisture Plasticity index __ //
-
16.0 5/8 L Ll ! Absorption (T84 or T85) L [ X1
12.5 1" - i 101e 1010 Spec Grav SSD (T84 or T85) X TENEI|
9.5 I8 e ' e e (20 Spec Grav APP (TH 300 L—I_..J__L._l
- - bt L Effective Spec Grav (TR 300) 1&g
475  No.4 131191017101 {33.0133.0 | 67 Opt Moist Content, %(TR 418) 1R @ [
Mass Matlin Pan | L 1717101 1810 703 Maximum Density (TR 418} kg/m® (Ib/ftY) /& 10101
Lab Comp Method (TR 418} [ ]
Acc. Total USo,.80 Cement, % (TR 432 or SPECIFIED) e
Initial Dry Total Mass 11 ) | |% Dift: Lime, % (TR 416 or SPECIFIED) )
Unit . 1= P Other (Additive) Code | % L 1@
< - grams 2= pounds - . - Clay Lumps, % (TR 119} 18 -
ieve - N ]
mm/um  No. Mass Retained s itai ) Friable Particles, % (TR 119) @)
Retained| Coarser | Passing Clay Lumps & Friable Particles %(TR 119 i@
236 8 I Y Flat or Elongated Part, %(TR 119) ; o
2.00 10 1191e ) =y) ﬁéﬁ & | 54 Coal & Lignite, % (TR 119) el
1.18 16 L Glassy Particles, % (TR 119) 19
- Iron Ore, % (TR 119) Y
S0 e Wood, % (TR 119} L@
425 40 WZie 1100 2y |48, lo43 | ag Total (Clay Lumps, Fri.Part..Iron Ore,
300 50 o ' i} Coal & Lignite, Wood},%(TR 119} —1®
180 80 o Foreign Matter, % (TR 109) .
- Clam Shell, % (TR 110} : !
150 100 ! ] Soundness, % Loss (T 104 [N Y
75 200 |égi] o\ 701 16.S | 0.2 | 19 Abrasion, % Loss (T 96) —t L@
53 270 . Colorimetric Test (1 =Pass, 2 «Fail) (T 21) e
L N S O O O
" Asphait Content, % (TR 307 i @1 |
[[Mass Mattin Pan | Al L0 Retained Asphait Coating, % (TR 317) A
Decant Loss Percent Crushed |;T; 306 —
Retained Marshall Stability (TR 313) .
pce. Total 160. 30 Resistivity (TR 429) : ;
Initial Dry Total Mass L0100 40 %Diff: &, 14 PH (TR 430) —t e
. Organic Content, % (TR 413) : Y|
"Dry Mass After Wash [ I T roanic .an ent.
Sand Equivalent (TR 120) —
' Remarks 2:
R SO TR S AU N O T O N |
P T T Y N T VO T O O Lot Approved By: Date:

Aggregate Test Report (03-22-0745)
Figure 1-4 (Metric)






